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PREFACE. 


Physiology  is  an  experimental  and  saperstractural  science  oc- 
cupying a  field  quite  as  definite  as  Anatomy,  Chemistry  and  Phy- 
sicsy  the  three  foundations  on  which  it  is  built.  Though  all 
physiologists  impress  these  facts  in  their  teaching,  no  volume 
has  hitherto  been  based  on  the  advantages  of  presenting  the  sub- 
ject concretely  within  its  own  proper  boundaries,  and  in  its  in- 
structive connections  with  the  sciences  whence  it  is  derived. 

In  approaching  Physiology  from  this  standpoint  the  author  has 
sunmiarized  in  the  Introduction  those  principles  of  Physics  and 
Chemistry  which  have  a  general  application,  and  has  prefixed  to 
each  chapter  an  abstract  of  the  facts  drawn  from  all  three  of  the 
basic  sciences  which  are  to  be  applied  in  the  succeeding  text. 
This  method  possesses  the  obvious  teaching  value  of  confining  the 
subject-matter  of  each  chapter  strictly  to  Physiology  and  present- 
ing it  in  logical  relations. 

The  plan  of  the  work  adapts  it  to  the  needs  of  several  classes  of 
readers.  Medical  students  will,  it  is  hoped,  find  a  clearly  defined 
exposition  of  Physiology  proper,  its  relevant  facts  from  Chemistry, 
Physics  and  Morphology,  and  accompanying  outlines  enabling 
them  to  arrange  their  knowledge  in  an  orderly  and  logical  man- 
ner. Students  in  literary  or  scientific  institutions  who  are  pre- 
paring for  the  study  of  medicine  or  of  physiology  as  a  specialty, 
will  find  the  method  of  the  book  equally  adapted  to  their  needs, 
inasmuch  as  the  general  and  special  introductions  review  matter 
wliich  has  lyoen  the  subject  of  detaikxl  study  in  the  laboratories 
of  Physics,  Chemistry  and  Biology,  and  which  forms  the  basis  of 
Physiology. 

The  same  reasons  render  the  method  of  the  book  convenient  for 
the  practitioner.  The  style  is  as  brief  and  concise  as  compatible 
with  the  needs  of  students,  and  space  has  thereby  been  gained  for 
the  inclusion  of  clinical  applications  of  physiological  facts  and 
principles. 
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Readers  interested  in  physiological  chemistry  will  find  the 
structural  formulas  and  reactions  of  the  complex  bodies  involved 
in  physiology  worked  out  in  as  much  detail  as  the  present  status 
of  chemistry  will  allow.  The  newer  literature  of  this  subject  is 
noted  in  references. 

Though  the  volume  embodies  original  work  on  the  part  of  the 
author,  free  use  has  been  made  of  the  great  heritage  of  physio- 
logical knowledge  without  which  no  adequate  presentation  of  the 
subject  would  be  possible. 

The  author  wishes  to  express  here  his  obligations  to  Professor 
Piersol  for  the  use  of  many  of  his  excellent  histological  illustra- 
tions ;  to  Professor  E.  B.  Wilson  for  the  use  of  several  fine  figures 
from  his  work  on  "  The  Cell  in  Development  and  Inheritance  ; 
and  to  Professor  Waller  for  several  valuable  engravings  from  his 
Text-book  of  Physiology,  Several  authors  have  contributed  one 
or  two  figures  each.  Many  have  been  taken  from  my  Laboratory 
Guide  in  Physiology. 

In  the  preparation  of  the  text  the  author  wishes  to  acknowledge 
his  indebtedness  to  his  associate,  Professor  W.  K.  Jaques,  for  much 
valuable  material  on  the  subject  of  The  Blood,  especially  for  Plates 
I.  and  II.  showing  varieties  of  red  and  white  corpuscles  ;  to  Dr. 
Achard,  a  former  pupil  of  Professor  Bowditch,  for  the  excellent 
contribution  on  Internal  Secretions.  The  chapter  on  the  physi- 
ology of  the  Central  Nervom  System  was  prepared  by  my  associate, 
recently  deceased.  Dr.  P.  L.  Holland,  Instructor  in  Clinical 
Neurology.  For  the  proof-reading  and  for  many  valuable  addi- 
tions to  this  chapter  I  am  indebted  to  my  associate.  Dr.  C.  L. 
Mix,  Instructor  in  Anatomy  and  Physiology  of  the  Nervous 
System. 

WiNFiELD  S.  Hall. 

Chicago,  July,  1899. 
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INTRODUCTION. 


A.   THE  SCOPE  OF  PH7SI0L007  AND  THE  PROB- 
LEMS WITH  WHICH  IT  DEALS. 

1.  DEFINITIONS. 

Physiology  treats  of  the  functions  of  different  tissues  and 
organs  of  living  organisms.  Living  organisms  are  divided  into 
plant  and  animal  kingdoms,  so  there  is  Playit  Physiology  and 
Animal  Physiology,  It  has  been  customary  to  subdivide  the  latter 
into  Comparative  Physiology,  treating  of  the  ways  in  which  the 
different  functions — digestion,  circulation,  etc. — are  performed  in 
the  different  classes  of  animals,  and  Human  Physiology,  treating 
of  the  special  physiology  of  man.  Another  subdivision  of  the 
subject  is  into  General  Physiology,  treating  of  the  general  functions 
of  cells  and  tissues,  and  Special  Physiology,  treating  of  the  special 
functions  of  organs  and  systems  of  organs. 

Defined  in  more  general  terms, — Physiology  is  the  science  of  the 
phenomena  of  living  nature.  Reduced  to  its  final  elements,  a 
natural  phenomenon  always  involves  matter  and  energy.  A 
general  knowledge  of  the  properties  of  matter  and  of  energy  is  of 
great  imjx>rtance  to  him  who  would  study  the  phenomena  of  life. 

2.  MATTER. 

All  of  the  substance  or  material  in  the  universe,  which  appeals 
to  our  senses,  has  weight  and  resistance,  and  is  called  ponderable 
matter, — it  may  be  weighed  in  a  balance.  It  is  with  this  form  of 
matter  alone  that  physiology  deals.  Physicists,  chemists,  and 
astronomers  find  it  a  necessity  to  assume  the  existence  of  another 
form  of  matter. 

This  other  form  of  matter  fills  all  space  not  actually  occupied 
by  atoms  of  ponderable  matter ;  it  transmits  the  sun's  heat  and 
2  17 
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light  to  us  through  space.  This  form  of  matter  cannot  be  weighed 
in  a  balance,  and  is  called  imponderable  matter. 


Matter 


Ponderable 


.  Imponderable. 


r  Solid. 

As  to  aggregate  condition  <  Liquid. 

(  Gaseous. 


As  to  units  of  division 


^f^r'l  Definite- 


Physiological  problems  involve  ponderable  matter  in  some  of 
the  forms  indicated  and  under  the  influence  of  energy. 


3.  ENEBGY. 

Energy  is  the  capacity  or  power  to  do  work.  This  capacity  for 
power  to  do  work  may  be  manifested  or  not.  We  speak  of  the 
pent-up  energy  of  a  charge  of  gunpowder,  also  of  the  tremendous 
energy  of  the  explosion  ;  we  speak  of  a  man  of  energy,  but  we  do 
not  expect  the  man  to  manifest  his  energj'  constantly.  This  dual 
idea  of  energy  is  expressed  in  its  classification  as  potential  energy 
and  kinetic  energy  ;  i.  e.,  laietU  and  active  energy.  Energy  is  fur- 
ther classified  as  to  its  nature.  That  form  of  energy  most  uni- 
versal in  its  influence  is  gravitation  :  according  to  the  law  of 
gravitation,  "Every  particle  of  ponderable  matter  in  the  uni- 
verse attracts  everj'  other  particle  with  a  certain  force." 


a.  The  Transformation  of  Energy. 

The  changes  above  mentioned,  by  which  potential  energy  may 
be  changed  into  kinetic  energy,  is  not  a  transformation  in  the 
sense  here  intended, — ^it  is  simply  a  lilx»ration  of  latent  energy, 
whereas  the  reverse  ojieration  would  be  a  making  latent  of  active 
or  kinetic  energy. 

By  the  Transformation  of  Energy  quite  a  different  process  is 
indicated.  If  one  hold  an  object  in  an  elevated  j>osition,  and  re- 
lease it,  it  falls  to  a  position  of  equilibrium.  The  motion  of  the 
mass  is  lost  but  the  shock  of  impact  has  transmitted  the  motion 
of  the  mass  to  the  physical  and  chemical  units  of  the  mass — tlie 
atoms — and  this  atomic  vibration  appeals  to  our  senses  not  as 
motion,  but  as  heat.  The  energy  of  mass  or  molar  motion  is 
thus  transformed  into  the  energy  of  atomic  motion  or  heat.  The 
intensity  of  atomic  motion  may  be  so  great,  /.  r.,  the  heat  may 
be  so  great,  that  the  vibrations  appeal  not  only  to  our  temperature 
sense  as  heat,  but  also  to  our  eyes  as  light.  Still  another  form, 
into  which  energy  may  be  transformed,  is  electricity.    Thus  gravi- 
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tation  is  a  general  and  ultimate  form  of  energy  which  may  un- 
deigo  various  transformations. 

Another  ultimate  form  of  energy,  especially  manifested  in  the 
form  of  heat,  light,  or  electricity,  is  chemical  affinity.  By  virtue 
of  molecular  attraction  every  molecule  of  matter  is  attracted  by 
every  other  molecule  in  proportion  to  their  respective  masses,  and 
with  a  force  varying  inversely  as  the  square  of  the  distance  be- 
tween them,  irrespective  of  the  kind  of  matter ;  but,  by  virtue  of 
a  peculiar  affinity  between  atoms  of  certain  different  kinds  of 
matter,  these  atoms  are  drawn  into  new  and  most  intimate  con- 
tact, manifested  by  heat  or  light  or  electricity,  and  resulting  in  a 
new  combination  of  matter,  having  physical  properties  different 
from  those  of  either  constituent.  This  kind  of  energy,  and  its 
transformation  forms,  are  of  the  most  fundamental  importance  to 
physiology ;  and  constant  reference  must  be  made  to  them. 

Matter  is  transformable,  but  is  not  destructible.  Energy  is 
transformable  ;  b  it  destructible  ?  Matter  may  be  so  transformed 
as  to  make  it  useless  to  man,  i.  e.,  lost  to  use,  but  not  destroyed ; 
in  the  same  way  energy  may  be  dissipated  into  space  but  not  de- 
stroyed. This  great  fact  was  discovered,  and  demonstrated  by 
Julius  Mayer,  and  by  Helmholtz,  and  may  be  looked  upon  as  the 
most  imjiortant  advance  of  physical  science  during  this  century. 
It  is  called  the  law  of  the  conservation  of  energy. 

b.  Law  of  the  Conservation  of  Energy. 

Ganot  expresses  this  law  as  follows :  "  The  total  amount  of 
energy  j)ossessed  by  any  system  of  bodies  (e.  the  solar  system) 
it*  unaltered  by  any  transformations  arising  from  the  action  of  one 
{Kirt  of  the  system  upon  another,  and  can  only  be  increased  or  di- 
minisheil  by  effects  produced  ujx)n  the  system  by  external  agents.'' 

The  experimental  proof  of  the  truth  of  this  law  involves  the 
re<luction  of  all  forms  of  energy  to  units.  The  unit  of  heat  energy, 
called  the  mlorie  or  gramme-calorie,  is  that  amount  of  heat  required 
to  raise  one  gramme  of  water  one  degree  of  temperature.  If  it  is 
required  to  rt»duce  units  of  motion  to  units  of  heat  one  has  only  to 
remember  that  experiment  has  proven  that  42  ").">  grammes,  falling 
through  a  distance  of  one  meter,  would,  by  impact  with  an  abso- 
lutely resistant  surface,  generate  enough  heat  to  raise  the  tem- 
jHjrature  of  1  gramme  of  water  1°  Centigrade.  This  is  known  as 
the  Mechanical  RjHivaJent  of  Heat,  The  principles  involved  in 
the  transformation  of  energy,  and  the  conservation  of  energy,  are 
fundamental,  and  we  shall  presently  see  their  inestimable  impor- 
tance in  any  clear  conception  of  the  phenomena  of  living  nature. 
All  natural  phenomena  involve  matter  and  energy.  The  ph(»- 
nomena  of  living  nature  can  differ  from  those  of  lifeless  nature 
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only  in  the  matter  or  in  the  energy  involved.  We  are  at  once 
brought  face  to  face  with  the  most  difficult  problem  of  Physiology 
— the  abstract  diflferentiation  between  the  living  and  the  lifeless. 

Let  us  approach  this  subject  by  an  enumeration  of  the  kinds  of 
matter  of  which  living  beings  arc  composed.  It  was  formerly 
supposed  that  an  analysis  of  the  animal  body  would  reveal  chem- 
ical elements  peculiar  to  living  bodies.  Chemistry  has,  however, 
established  no  fact  more  thoroughly  than  that  the  animal,  or  plant, 
l)ody  contains  no  new  kinds  of  matter.  Analysis  shows  the  pres- 
ence of  carbon,  hydrogen,  nitrogen,  oxygen,  sulphur,  phosphorus, 
chlorine,  and  of  sodium,  potassium,  calcium,  magnesium,  iron — 
occasionally  traces  of  silicon,  manganese,  fluorine,  lithium,  bro- 
mine, and  iodine  are  found.  These  are  the  most  common  elements 
in  the  surface  of  the  earth.  After  finding  that  living  nature  dif- 
fers in  no  way  from  non-living  nature  as  to  the  kinds  of  matter 
involved,  the  physiologist  turned  to  the  investigation  of  the  kinds 
and  forms  of  energy,  expecting  to  find  associated  with  life  a  new 
energy.  Until  quite  recently,  most  physiologists,  since  the  time 
of  Johannes  Miiller,  have  believed  that  the  energy  manifested  in 
living  nature  is  identical  vnth.  that  manifested  in  non-living  nature, 
and,  further,  that  it  obeys  the  same  laws  of  transformation  in  liv- 
ing as  in  lifeless  bodies.  This  belief  was  based  u|K>n  observation 
in  a  large  number  of  physiological  phenomena.  For  example,  it 
has  been  demonstrated  that  the  heat  and  mechanical  energy  which 
an  animal  may  expend  is  exactly  equivalent  to  the  potential  energy 
represented  by  the  food  which  the  animal  absorbs.  There  remain, 
however,  many  unsolved  problems  regarding  the  energy  involved 
in  absorption,  secretion  and  excretion.  The  more  these  problems 
are  studied,  the  clearer  seems  to  be  the  indication  that  energy  may 
undergo,  in  the  animal  or  plant  organism,  a  transformation  not 
obser\Td  outside  of  living  organisms.  Along  w^ith  this  indication 
comes  repeated  and  indubitable  proof  that,  whatever  transforma- 
tions energy  may  undergo  within  the  living  organism,  the  quantity 
of  energy  that  leaves  the  organism,  dissipated  into  sj)ace  as  heat  or 
motion,  is  exactly  equal  to  the  quantity  that  enters  the  organism 
as  potential  energy.  Whatever  may  be  said  about  vital  energy, 
it  is  certain  that  it  docs  not  mean  that  any  new  energy  is  created 
by  living  organisms. 

In  discussing  the  matter  involved  in  living  organisms,  the 
elements  which  occur  in  living  bodies  were  enumerated,  but  the 
study  of  the  combination  of  these  atomic  elements  into  molecules 
was  omitted.  In  lifeless  nature  wc  find  as  tv))ical  molecules, 
H/),  CO^,  Ca("03,  MgCO,,  XaCl,  Ca8(),,  KX03,^  i\\f\,  PbS,  etc. 

These  typical  compounds,  which  make  up  a  large  proportion  of 
the  earth's  crust,  are  composed  each  of  three  to  six  atoms  of  two 
to  three  kinds  of  matter.  There  are,  however,  in  the  realm  of 
inorganic  nature,  some  very  large  and  complex  molecules,  e,  g, : — 
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Crystalline  ammonic  ferric  alum  Fe2(SO,)3(NH,)2SO,+24H20. 
This  complex  molecule  contains  104  atoms,  and  has  962  times  the 
weight  of  H.  One  of  the  simplest  molecules  met  among  the 
products  of  life  is  the  glucose  molecule  (CgH^jOg),  whose  24  atoms 
weigh  180  times  as  much  as  an  atom  of  hydrogen.  Egg  albumen 
was  given  by  Hofmeister  the  formula  :  Cj^Hj^^N^gOggSj ;  its  646 
atoms  weigh  4,618  times  as  much  as  hydrogen.  Zinoff'sky  deter- 
mined the  formula  for  the  haemoglobin  of  the  horse's  blood  cor- 
puscle to  be  :  CyjjHjjjpNj^^FeSjO^jj.  This  prodiguous  molecule 
has  2,304  atoms  and  a  molecular  weight  of  16,710.  Here  we  have 
struck  the  key-note  of  the  difference  between  living  and  lifeless 
nature.  In  its  composition,  living  matter  differs  from  lifeless  matter 
net  in  the  kind  of  material  elements  but  in  the  complexity  of  the  com- 
binatiom.  A  similar  course  of  reasoning,  applied  to  the  energy, 
would  result  in  the  conclusion  that :  The  energy  involved  in  the 
phenomena  of  living  nature  differs  from  the  energy  involved  in  the 
phenomena  of  lifeless  nature  only  in  the  complexity  of  the  transform- 
ations. 

4.  LIFE. 

Having  now  determined  the  essential  difference  between  living 
and  lifeless  nature  as  to  the  matter  and  energy,  let  us  investigate 
the  nature  of  life  in  the  abstract.  Compare  a  dead  with  a  living 
organism ;  take,  for  example,  a  frog  just  dead.  We  ol>serve  a 
cessation  of  activity,  i.  e.,  a  cessation  of  manifest  energy.  The 
breathing  movements  cease,  the  heart  ceases  to  beat,  the  animal 
ceases  to  take  food  /  it  becomes  cold ;  if  we  stimulate  it  there  is 
no  response  ;  in  a  few  hours  disintegration  of  the  material  begins. 
How  shall  we  interpret  this  change  ?  The  activities  which  have 
ceased  were  the  activities  which  adjusted  the  animal  to  its  environ- 
ment ;  built  up  its  tissues  from  its  food  ;  and  brought  a  continuous 
supply  of  oxygen  to  enter  into  combination  with  the  tissues,  and 
lil)erate  the  energies  which  were  manifested  in  tlu*  phenomena  of 
life.  With  the  loss  of  life  has  been  lost  the  enerp:y  necessary  to 
adjust  the  internal  needs  of  the  boily  to  the  action  of  the  environ- 
ment. Herbert  Spencer  defines  life  as  "  The  cotitinuoufi  adjmimnif 
of  intcnml  relations  to  external  relntionti,'^  Though  this  reasoning 
and  the  explanation  clear  our  c()n(ie))tion  of  life  somewhat,  still 
life  remains,  and  will  long  remain  a  mystery.  A  concrete  idea  of 
the  typicjil  phenomena  of  life  may  l>est  be  gained  from  the  ob- 
ser\'ation  of  a  living  organism. 

5.  A  LIYING  ORGANISM. 

Such  an  organism  begins  its  life  as  a  minute  globule  (cell)  of 
sensitive,  sprmtaneously  moving  matt<»r  (j>rotoj)]asni ).  The  orig- 
inal volume  is  always  increased  (growth)  by  addition  of  matter 
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from  within  (intussusception).  Having  attained  a  certain  maxi- 
mum of  volume  (maturity)  the  organism  retains  essentially  the 
same  volume  for  a  time  (adult  life),  and  finally  divides  into  equal 
or  unequal  parts  (reproauction),  the  parts  divided  off  beginning 
again  the  cycle  of  life,  reaching,  at  maturity,  a  form  always  resem- 
bling the  parent  organism  in  form  and  activity.  During  the 
whole  period  of  life  there  are  certain  activities  which  are  mani- 
festations of  energy,  liberated  Avithin  the  organism  through  a  proc- 
ess analogous  to  a  combustion  of  tissue  (respiration, — destructive 
metabolism),  which  tissue  is  regenerated  by  the  building  up  in  the 
tissue  (constructive  metabolism)  of  elements  or  compounds  taken 
in  as  food,  dissolved  (digestion),  and  carried  to  the  wasted  tissues 
(circulation).  After  growth  is  completed,  and  reproduction  con- 
summated, the  wasting  of  the  organism  progresses  faster  than  the 
regeneration  (period  of  senility),  and  finally,  the  internal  rela- 
tions (needs)  fail  to  be  adjusted  to  the  external  relations  (condi- 
tions of  environment),  and  the  organism  ceases  to  live  (death). 

McKendrick  (  "General  Physiology,"  p.  31)  gives  the  follow- 
ing valuable  recapitulation  of  the  essential  cliaracters  of  a  living 
being : — 

(a)  Molecular  complexity;  heterogeneity  of  parts,  and  chemical  insta- 
bility of  the  organic  compounds  forming  it. 

(6)  Waste,  and  incessant  repair  of  organic  materials. 

(c)  The  conversion  of  kinetic  into  potential  energj',  as  the  framework 
of  the  body  is  built  up,  or  stores  of  reserve  material  are  formed. 

(d)  Liberation  of  kinetic  energ}'  in  various  modes,  and,  in  particular, 
as  mechanical  movement,  heat  and  electricity. 

(e)  Organization,  or  the  adaptation  of  certain  parts  of  the  body  to 
particular  functions. 

(/)  A  regular  evolution  from  origin  of  death. 

(g)  Origin  from  a  parent,  and  the  possibility  of  producing  the  ele- 
ments of  offeipring. 

(h)  A  power  of  variability  and  of  adaptation  to  external  conditions. 

Physiolog}'  deals  with  the  problem  of  Nutritiox  ;  including 
digest  ion  y  absorption  y  respiration,  circulation,  comtructive  and  de- 
ftfrucfirc  mefaholiani,  secretion  and  excretion  ;  with  the  problems  of 
M()T(>-Skns<)RY  A(TIVITY,  including  the  functions  of  the  motor 
and  nervous  systems  of  the  special  senses ;  and,  finally  with  the 
problems  of  IlEPRODrtTlox. 
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THE  RELATION  OF  PHTSIOLOeY  TO  THE 
OTHER  NATURAL  SCIENCES. 
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The  first  traces  of  vague  physiological  conceptions  are  lost  in 
the  impenetrable  darkness  of  prehistoric  times.   These  vague  con- 
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ceptions  find  expression  in  mj'thology.  In  mythology  there  is  no 
classification  of  knowledge :  all  knowledge  being  made  to  do 
homage  to  higher  beings  or  deities,  and  this  sum  of  human  knowl- 
edge, as  it  existed  in  prehistoric  times,  must  be  looked  upon  as  an 
indivisible  whole  from  which,  in  the  lapse  of  centuries,  there  grad- 
ually crystallized  out :  theology,  philosophy,  medicine,  and  natural 
science.  In  this  mythological  period  life  was  characterized  by 
motion.  Wind,  water,  fire,  stars,  sun,  and  moon  were  personified. 
In  historic  times  the  first  traces  of  a  science  based  upon  observa- 
tion was,  curiously  enough,  metaphysics  or  psychology. 

This  first  attempt  at  biological  science  laid  as  the  comer- 
stone  of  its  foundation  the  proposition,  "The  human  being  is 
dual — the  physical  and  the  psychical — ^the  body  and  the  soul," 
and  rounded  its  dome  with  the  theory  of  metempsychosis,  or  wan- 
dering of  the  soul.  From  India  this  system  of  philosophy  grad- 
ually made  its  way  through  Egypt  to  Greece,  where  it  was 
championed  by  Pythagoras.  It  is  remarkable  that  many  of  the 
philosophers  of  antiquity  promulgated  theories  which  are  again, 
after  a  lapse  of  twenty-five  centuries,  forming  the  foundations  of 
modem  science.  This  is  especially  trae  of  the  theories  regarding 
the  origin  and  development  of  living  nature.  Anaoinmander  (620 
B.  c.)  believed  that  man  descended  from  animal-like  progenitors, 
who  originally  lived  in  water.  Heracles  (500  B.  c.)  had  a  concep- 
tion of  the  "  Struggle  for  Existence."  jEmpedodes  (504  b.  c.)  be- 
lieved that,  in  the  realm  of  living  nature,  plants  originated  first, 
then  lower  animals,  then  higher  animals,  and  finally  man.  He  be- 
lieved that  the  active  factor  in  this  development  was  the  destruc- 
tion, in  their  struggle  for  existence,  of  the  animals  unfavorably 
constructed,  while  those  capable  of  survival  propagated  the  s|)ecies, 
and  tnmsmitted  their  favorable  stmctures.  In  the  fifth  century 
B.  c.  ITippocndes  systematized  medicine  and  founded  the  Regular 
School.  His  additions  to  knowledge  were  unim|X)rtant  in  Mor- 
phology and  Physiology.  His  materia  mediea.  Therapy,  and 
practice  of  medicine  were  incomparably  su|>erior  to  ^vhat  had  pre- 
ce<le<l,  and  stood  uninijieached  for  six  centuries.  In  the  fourth  cen- 
tury B.  c.  Aridotle,  the  great  observer  of  the  phenomena  of  living 
nature,  and  the  great  collector  of  facts,  laid  the  first  enduring 
foundation  for  the  biological  sciences.  In  the  third  century  B.  v, 
EmsistratuSj  of  the  Alexandrian  school,  was  the  first  to  attemj)t  a 
philosophy  of  physical  life — a  theory  of  physiology.  He  gjive 
definite  form  to  a  theory,  which  had  its  origin  among  the  pupils  of 
Plato,  and  which  reached  its  highest  development  under  Galen  and 
hL<  school.  This  theory  is  called  the  Pneuma  Theory,  and,  accord- 
ing to  it,  the  Pneuma  zotikon — life-giving  spirit,  or  breath  of 
life — resided  in  the  heart,  while  the  Pneuma  psychikon — the 
soul — resided  in  the  brain.  Medical  science  having  taken  definite 
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and  authoritative  form  under  Hippocrates,  and  physiology  having 
been  crystallized  by  the  Pneuma  theory  of  Erasistratus,  there  was 
a  lapse  of  400  years  before  there  appeared  the  spirit  who  was  des- 
tined to  dominate  the  medical  profession  for  more  than  thirteen 
centuries. 


GALEN. 

In  the  second  century  a.d.  Galenus,  a  surgeon  in  the  Roman 
army,  made  systematic  dissections  of  the  bodies  of  apes  and  other 
animals.  Galen  realized  that  medicine  and  surgery  could  not  suc- 
ceed unless  based  upon  an  exact  knowledge  of  the  structure  of  the 
body,  and  upon  a  knowledge  of  the  vital  functions ;  and,  to  the 
end  last  named,  he  performed  vivisections  upon  apes  and  pigs, 
establishing  the  functions  of  the  vagus,  or  pneumogastric  nerve, 
and  the  intercostal  nerves,  and  the  effects  of  section  of  the  spinal 
cord.  After  collecting  a  great  mass  of  morphological  and  physio- 
logical knowledge  he  founded  a  system  of  medicine.  His  system  of 
physiologj'  was  based  upon  the  Pneuma  theory,  which,  briefly 
expressed,  was  :  Pneuma  psychikon — the  soul — resided  in  the 
brain  and  nerves,  and  presented  the  psychic  phenomena,  thought, 
sensation,  and  voluntary  motion ;  Pneumn  zotikon — life-giving 
spirit,  or  breath  of  life — entered  the  body  through  the  lungs,  re- 
sided in  the  heart,  and  expressed  itself  in  heart-beat,  pulse,  and 
bodily  warmth ;  while  the  Pneuma  physikon  resided  in  the  abdo- 
men, and  presented  the  functions  of  nutrition,  growth,  secretion, 
and  reproduction.  No  subsequent  Roman  even  approached  the 
colossal  work  of  Galen,  so  it  is  easy  to  understand  that,  after  the 
fall  of  Rome,  his  was  the  only  authority  recognized  until  the  new 
birth — the  renaissance — of  art,  literature,  philosophy,  religion, 
and  science,  in  the  fifteenth  and  sixteenth  centuries.  If,  in  all 
those  thirteen  centuries,  any  man  doubted  the  statements  or  theo- 
ries of  Galen,  he  did  not  publish  it,  for  Gralen's  authority  was  un- 
impeachable. The  first  recorded  combatant  of  Galen  was  Para- 
celsu^  (1493  a.d.).  Though  he  founded  an  untenable  theosophistic 
philosophy,  the  simple  fact  of  his  impeachment  of  Galen's  theories 
set  the  scientific  world  thinking.  The  feature  of  his  system  was. 
Unity  in  Nature ;  Nature  a  macrocosmus,  and  Man  a  microcos- 
mus.  Early  in  the  sixteenth  century  VenaliuSy  Emtachio  and 
Falhppia,  through  dissection,  extended  the  knowledge  of  anatomy  ; 
while  Servetm  disproved  Galen's  statement  that  the  blood  goes 
directly  from  the  right  heart  to  the  left  heart,  and  Argentieri  con- 
tended that  the  blood  nourished  the  tissues  of  the  body.  These 
advances  prepared  the  way  for  the  next  great  light  in  the  renais- 
sance of  science. 
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HABVEY.  (1578-1659.) 

This  great  experimenter  and  observer  was  taught  by  his  pred- 
ecessors that  the  blood  was  in  motion  within  the  arteries  and 
veins^  and  that  the  heart  movements  were  the  cause  of  this  motion^ 
bat  it  remained  for  him  to  demonstrate  that  the  arteries  and  veins 
were  connected  by  smaller  vessels  (though,  through  lack  of  a 
microscope,  he  never  saw  them),  and  that  the  blood  circulated 
within  a  closed  system  of  tubes  from  the  left  heart  through  the 
arteries  and  capillaries,  and  back  through  veins  to  the  right  heart, 
thence  to  the  lungs,  and  completed  the  circuit  by  entering  the  left 
heart.  Next  to  this  great  triumph  stands  that  notable  proposition, 
first  formulated  by  Harvey,  "  Omne  vivum  ex  ovo,^'  The  history 
of  this  proposition  is  most  interesting.  Twice  it  has  been  refuted, 
and  twice  the  fallacies  of  the  refutation  have  been  demonstrated. 
Estabhshed  at  first  on  an  obser\'ation  of  higher  plants  and  animals, 
it  was  combatted  by  the  early  microscopists,  who  found,  in  their 
nutrient  infusions,  a  rapid  development  of  infusorian  life  with  no 
discoverable  eggs  or  germs.  A  century  later  Treviranus  proved 
the  fallacy  of  this  "  Spontaneous  Generation^'  theory  through  the 
discovery  of  the  real  method  of  reproduction  of  these  organisms  ; 
80  the  theory  that  all  life  i8  froni  an  egg''  had  stood  its  first  as- 
sault. The  improvement  of  the  microscope,  however,  revealed 
the  microbe.  Nutrient  fluids  were  seen  to  be  soon  swarming  with 
life  ;  the  Spontaneous  Generation  theorj^  was  again  revived,  Har- 
vey^s  theory  again  combatted ;  Pasteur  has,  however,  in  recent 
times,  with  his  more  exact  instruments  and  methods,  established, 
experimentally  and  conclusively,  the  verity  of  Har\^ey's  propo- 
sition, "  All  life  in  from  an  eggP 

The  microscope  has  been  mentioned.  It  was  in  the  latter  part 
of  the  seventeenth  century  that  Van  Dyke  and  I^uwenhoek 
invented  the  compound  microscope,  and  Leeuicenhoek^  with  Mai- 
pighi  and  Schtrammerdamtny  made  rapid  strides  in  histological  re- 
search. Up  to  the  beginning  of  the  eighteenth  century,  physiology 
had  not  been  a  separate  and  independent  science. 

HALLER. 

It  was  Haller  who,  by  his  power  of  systematizing  and  genonil- 
izing,  collected  the  facts  peculiarly  physiological,  and  constructed 
them  into  his  renowned  work,  "  Eiementu  of  (he  Fh  i/sio/ogif  <f  the 
Human  Body.''  But  Haller  was,  unfortunately,  a  philosopher 
rather  than  a  philosojAical  investigator.  He  proniulpited  two 
theories  which  have  had  a  retarding  effect  on  Physiology  ;  viz., 
lite  Preformation  Theory  and  the  Theorif  of  Midi  Knergii,  \q- 
cording  to  the  first  theory  ihe  form  of  (he  orf/anism  existed  in  the  egg^ 
and  rmhryological  developmeid  was  simply  inrreffse  in  f<ize ;  while. 
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according  to  the  second  theory  the  Energy  of  Life,  is  peculiar  to 
life,  i.e.,  not  transformable  from  physical  and  chemical  energy, 
and,  for  that  reason,  called  Vital  Energy,  This  theory  of  a 
peculiar  Vital  Energy  has  retained  a  most  tenacious  hold  on 
Physiology,  and  only  through  the  combined  efforts  of  a  galaxy  of 
experimenters  in  the  first  three-fourths  of  this  century  has  the 
theory  that  the  energy  manifested  in  the  phenomena  of  life  is 
peculiar  to  life  been  abandoned.  For  a  time  it  was  hoped  that  all 
of  the  phenomena  could  be  accounted  for  in  the  usual  transforma- 
tion forms  of  energy.  More  exact  and  extended  recent  experi- 
mentation makes  it  evident  that  there  is  a  transformation  form  of 
energy  peculiar  to  life.  The  living  organism  is  not  believed  to  be 
able  to  make  energy,  but  simply  to  give  it  a  new  and  unexpected 
form  under  certain  circumstances.  It  is  important  to  note,  in  this 
connection,  that  this  newly  discovered  form  of  energy  obeys,  with 
the  other  forms,  the  law  of  the  conservation  of  energy. 

At  the  end  of  the  eighteenth  century  Priestly  and  Lavoisier  dis- 
covered oxygen.  Girtanner  demonstrated  that  it  is  this  constituent 
of  the  atmosphere  which,  in  the  lungs,  effects  the  change  between 
venous  and  arterial  blood. 

JOHANNES  MULLER. 

The  spirit  which  inspired  and  dominated  physiological  Investi- 
gation during  the  first  half  of  this  century  was  Johannes  Muller. 
Though  he  believed  in  a  special  Vital  Energy,  he  believed  that  it 
followed  implicitly  the  laws  of  energy  in  physics  and  chemistry, 
and  set  about,  with  physical  and  chemical  methods,  to  investigate 
the  phenomena  of  living  nature.  Johannes  Muller  was  an  inde- 
fatigable worker,  an  accurate  and  exact  observer,  a  broad  and 
judicious  generalizer,  and  a  profoimd  philosopher.  He  was  master 
of  the  whole  field  of  Morphology  and  Physiology  as  it  existed  at 
the  beginning  of  this  century.  He  founded  the  new  sciences  of 
Comparative  Physiology  and  Physiological  Psychology,  and  laid  for 
modern  experimental  Physiology  the  broad  and  deep  foundations 
which  have  sustained  the  great  superstructure  erected  by  his  pupils 
and  successoi's  during  the  hist  four  decades.  Soon  after  his  death 
physiology  was  divided  into  chemical  and  physical  physiology. 
The  physiological  chemists  of  this  century  are  Wohler  and  Liebig ; 
Voit,  Pfliiger,  and  Zunst,  Kiihne,  Hoppe-Seyler,  Hammarsten, 
Bunge,  and  Halliburton,  Chittenden  and  Atwater. 

The  investigators  in  the  field  of  physical  physiology  are,  first  of 
of  all,  Ijudwig,  Weber,  DuBois-Reymond,  and  Briicke ;  then 
Marey,  Claude  Bernard,  Helmholtz,  Hering,  Hitzig,  Goltz, 
Preyer,  et  al.  Inasmuch  as  frequent  reference  must  be  made  to 
these  men  during  the  course  of  our  study,  a  detailed  account  of 
each  man  will  not  be  entered  upon  here. 
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The  great  discoveries  of  this  centurj",  which  have  been  of  the 
greatest  importance  to  physiolog}^,  are  :  (i)  The  Law  of  the  Con- 
9erration  of  Energy  ;  (ii)  The  discovery  of  the  cellular  structure  of 
animal  organisms;  (m)  The  discovery  of  the  genealogy  of  the 
organic  world ;  i.e.,  The  establishment  of  the  Ikolution  Theory, 

These  three  great  principles  have  already  been  of  inestimable 
value  to  physiology,  but  their  service  has  only  just  begun. 


PART  I. 


GENERAL  PHYSIOLOGY. 


THE  PHYSIOLOGY  OF  THE  CELL:  CYTOLOGY. 

A.   LIVING  SUBSTANCE:  PROTOPLASM. 

1.  THE  PHYSICAL  PROPERTIES  OF  PROTOPLASM. 

2.  THE  CHEMICAL  PROPERTIES  OF  PROTOPLASM. 

3.  THE  MORPHOLOCJY  OF  LIVING  SUBSTANCE. 

a.  The  STRrcrrRE  of  Pr(>toplasm. 

b.  The  STRiTTrRE  of  the  Cell. 

( 1 )  Cytoplasm . 

(2)  The.  Xucleus ;  Xucfropfasm. 

(3)  The  Centronomr. 

c.  F<>RM  AND  Size  of  the  Cell. 

4.  THE  INDIVIDUALIZATION  OF  LIVING  SUBSTANCE. 


CHAPTER  I. 


B.   THE  PHENOMENA  OF  LIFE. 


1.  NUTRITION. 


tt.  Abkori»tion'  and  Excretion'. 


h.  Metabolism. 

(1)  (.^hnnical  Phanes. 

i'2)  Phynical  Phfiiffif. 

(3)  Morpho/fjgical  Phanr». 


■2.  MoTo-SENSORV  ACTIVITIES  OF  LIFE. 

a.  Motion:  Contractility. 

b.  Sensibility:  Irritability. 


3.  REPRODUCTION. 
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THE  PHYSIOLOGY  OF  THE  CELL: 
CYTOLOGY. 

A.  LIVINO  SUBSTANCE:  PROTOPLASM. 

1.    THE  PHYSICAL  PROPEBTIES  OF  PROTOPLASM. 

One's  knowledge  of  a  substance  is  gained  through  the  senses. 
The  most  far-reaching  sense — vision — is  the  one  usually  appealed 
to  first,  and  one  naturally  determines  first  of  all  whether  the  sub- 
stance is  solid  or  fluid,  whether  it  is  transparent  or  opaque. 
Through  other  senses  one  determines  whether  the  substance  is 
heavy  or  light,  etc. 

Protoplasm  exists  only  in  minute  i)ortions,  so  mixed  with  the 
substances  which  it  has  formed  that  it  is  visible  only  through  the 
aid  of  a  microscope.  That  instrument  reveals  protoplasm  as  a 
viscous  fluid.  The  consistency  is  more  fluid  in  the  active  proto- 
plasm of  a  growing  plant  or  animal  than  in  the  dormant  proto- 
plasm of  a  seed.  Whether  protoplasm  Ls  thin  viscous  or  thick 
viscous  in  consistency  depends  upon  the  amount  of  water  which 
it  imbibes.  Seeds  sometimes  become  very  dry.  When  placed  in 
the  ground  they  cannot  germinate, — ^the  protoplasm  cannot  pass 
from  its  dormant  condition  to  an  active  one, — until  it  first  absorbs 
water ;  a  portion  of  which  is  absorbed  by  the  protoplasm  and  a 
|X)rtion  by  the  stored  nutriment  of  the  seed. 

In  thin  layers  or  threads  protoplasm  is  gray  and  translucent. 
In  thick  threads  or  globules  immersed  in  water  it  seems  to  be 
somewhat  more  strongly  refractive  than  the  water. 

When  a  minute  organism  or  cell,  consisting  of  a  drop  of  pro- 
toplasm enclosed  in  a  delicate  membrane,  is  studied  in  distUled 
water,  it  will  be  observed  to  swell  up,  almost  bursting  the  enclos- 
ing membrane,  but  there  is  no  evidence  that  any  of  the  proto- 
plasm passed  through  the  membrane.  If  one  immerses  the  or- 
ganism in  a  five  per  cent,  salt  solution,  it  w^ill  shrivel,  indicating 
that  something  has  passed  out  of  the  membrane,  but  there  is  no 
evidence  that  any  of  the  protoplasm  has  passed  through  the  mem- 
brane.   Protoplasm  imbibes  water,  but  it  is  not  diffusible. 

Incidental  to  the  observations  just  described,  it  would  be  noticed 
that  the  protoplasmic  organism  sinks  to  the  bottom  of  the  dis- 
tilled water,  and  rises  to  the  top  of  the  strong  salt  solution, — ^it  is 
heavier  than  distilled  water,  and  it  is  lighter  than  the  salt  solution. 
Protoplasm  has  a  specific  gravity  frreater  than  1.  If  one  were  to 
increase  the  specific  gravity  of  the  surrounding  liquid  until  the 
protoplasmic  body  would  just  float,  neither  rising  nor  falling,  he 
would  have  only  to  determine  the  specific  gravity  of  the  liquid  to 
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know  that  of  the  protoplasm.  In  this  way  Jensen,  in  1893, 
found  the  specific  gravity  of  a  paramoecium  to  be  1.25.  Living 
organisms  may  change  their  specific  gravity  through  the  absorp- 
tion -and  deposit  of  heavy  mineral  substances  such  as  CaCOj  or 
SiO, ,  or  through  the  formation  and  retention  of  such  substances 
as  carbonic  acid  gas  or  fat. 

2.    THE  CHEMICAL  PROPERTIES  OF  PROTOPLASM. 

As  Nature's  unaided  vision  reveals  nothing  of  the  physical 
properties  of  protoplasm,  so  does  her  unaided  taste  and  smell  re- 
veal nothing  of  the  chemical  properties  of  protoplasm.  We  bring 
to  the  aid  of  these  primitive  chemical  tests  refined  process  of 
analysis,  through  the  aid  of  which  one  gjiins  a  knowledge  of  the 
elements  which  combine  to  form  protoplasm.  Pure  protoplasm 
has  not  been  analyzed,  because  it  cannot  be  gotten  in  sufficient 
quantity. 

There  are  reasons  for  believing  that  pure  protoplasm  does  not 
differ  much  from  albumin  in  composition.  Egg  albumin  must 
contain  all  of  the  elements  found  in  protoplasm,  because  the  pro- 
toplasm of  the  chick  is  built  up  from  the  albumin  of  the  egg. 
Albumin  consists  of  carbon,  hydrogen,  nitrogen,  oxygen,  and  sul- 
phur, with  certain  mineral  salts,  associated  in  loose  chemical 
combination — salts  which  represent  phosphorus,  chlorine,  sodium, 
potassium,  calcium,  iron,  and  magnesium.  The  analysis  of  the 
bodies  of  animal  and  plant  organisms  reveals  the  universal  pres- 
ence in  these  bodies  of  the  following  elements  :  C,  H,  N,  O,  S,  P, 
CI,  Na,  K,  Ca,  Mg,  and  Fe.  Rarely  one  or  more  of  the  follow- 
ing elements  is  found :  Si,  Li,  Fl,  I,  Br,  Al,  Mn. 

Just  why  living  matter  should  be  constructed  from  the  elements 
named,  rather  than  from  such  elements  as  lithium,  l)erylium, 
lK>ron,  titanium,  chromium,  zinc,  lead,  etc.,  has  been  the  subject 
of  some  controversy.  Verworn  ("  Allgemeine  Phvsiologie,"s.  106) 
calls  attention  to  the  fact  that  the  elements  of  which  living  matter 
is  composed  are  elements  of  light  atomic  weight.  The  following 
table  may  throw  some  light  upon  the  question  : — 
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The  facts  above  tabulated  justify  one  in  making  two  generali- 
zations :  (i)  The  elements  which  enter  into  the  composition  of 
living  substance  are,  in  general,  those  of  lightest  atomic  weight, 
(ii)  The  elements  which  enter  into  the  composition  of  living  sub- 
stance are,  without  exception,  abundant  elements  of  wide — prac- 
tically universal — distribution. 

The  chemical  compounds  which  are  found  in  living  matter  may 
be  divided  into  organic  and  inorganic.  The  organic  compounds 
may  be  classified  as  proteids,  fats,  and  carbohydrates.  The  pro- 
teids  are  very  similar  to  living  protoplasm  in  composition.  As  an 
example  of  pn>teids,  one  may  take  pure  egg  albumin,  whose  for- 
mula, according  to  Hofmeister,  is  Cg^HgjjN^j^ggSj.  All  proteids 
contain  C,  H,  N,  O,  and  either  S  or  P.  The  nucleo-proteids  con- 
contain  phosphorus.  Fats  and  carbohydrates  are  non-nitrog- 
enous substances.  The  typical  fat — tripalmitin — has  the  formula 
C3H^(CjgHj^02)3.  The  typical  carbohydrate — ^glucose — ^lias  the 
formula  CgH,jOg.  Note  that  these  compounds  are  both  formed  of 
carbon,  hydrogen,  and  oxygen,  and  that  the  proportion  of  oxygen 
in  the  fat  is  very  much  smaller  than  that  in  the  carbohydrate. 
Some  of  the  inorganic  compounds  associated  with  living  matter 
are:  NaCl,  Na^Wg,  Xa,HPO,,  Q^lVO,\,  XaHC03,  MgCl^, 
KHSO,. 

3.   THE  MORPHOLOGY  OF  LIVING  SUBSTANCE. 
a.  The  Structure  of  Protoplasm. 

If  pn)toplasm  be  studied  under  very  high  powers  of  the  micro- 
scope it  will  present  an  appearance  such  as  shown  by  Biitschli  in 
the  accompanying  figures  (Figs.  1^^  and  \h).  This  appearance 
has  been  differently  interpreted  by  different  observers.  Biitschli 
and  his  followers  contend  that  protoplasm  is  a  foam-like,  alveolar 
•structure,  like  an  emulsion,  in  which  the  firmer  |x)rtion  forms  the 
^^'idls  of  separate  chaml>ers  filled  with  the  more  liquid  substance 
(  Wilson  ).  Fleming,  Van  Beneden,  Strasburger  and  others  believe 
"  that  the  more  solid  portion  consists  of  coherent  threads  which 
extend  thn)Ugh  the  ground  substance,"  usually  forming  a  fine 
meshwork  or  niirnlum  (Wilson).  Adopting  the  more  generally  ac- 
cepte<l  second  interpretation,  we  have  protoplasm  represented  by 
two  sul)Stances.  (i)  the  more  dense  and  refractive  reticulum, 
thread  work,  or  spongioplasm,  and,  (ii)  the  less  dense,  ground 
•substance,  rj/tohjmphyOV  hyaloplasm.  Lower  j)<)wers  of  the  micro- 
scojK'  reveal  minute  granules  which  are  shown  by  Biitschli's  fig- 
ures to  l)e  loaitcd  in  the  threads  of  the  reticulum  or  spongioplasm. 
S()ni(»  of  the  granules  may  be  only  aj)parent,  and  represent  the 
confluence  of  several  threads  of  spongioplasm  ;  but  some  are 
uwloubtedly  actual  granules  of  living  substance. 
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These  granules  are  called  microsomej^,  and  have  been  held  by 
some  investigators  to  be  the  "elementary  units  of  structure  stand- 
ing between  the  cell  and  the  ultimate  molecules  of  living  matter'' 
(Wilson). 

6.  Structure  of  the  Gell. 

Living  substance  or  protoplasm  exists  only  within  structure?? 
called  cells.  The  early  microscopists  saw  the  little  polyhedral, 
cellulose  chambers  of  plants,  and  chose  the  word  cell  as  most  ap- 


FiG.  U.  Fio.  16. 


Kpi<lerinal  cell  of  an  earthworm  (>'  30(M)),  Kxpandud  cud  of  a  rhizopod's  pseudopod 


propriate.  The  contents  of  this  little  chaml)er  were  collectively 
called  protoplasm  by  Mohl  (184G),  but  its  importance  was  over- 
looked. Sclmltz,  Kolliker,  and  others  recognized  finally  that  the 
protoplasm  is  essential,  and  that  the  cell  wall  is  unessential  ;  the 
anioiba  and  the  white  blood-corpuscle,  for  example,  having  no 
cell  wall.  Schultz  (18G3)  defined  the  cell  as  "a  simple  globule 
of  protoplasm  containing  a  nucleus."  After  the  discovery  of  the 
eentrosome  by  Van  Beneden  (1870)  it  beaime  necessarj'  to  define 
the  cell  anew.  In  1890  Bauer  defined  it  as  "  a  globule  of  proto- 
plasm containing  a  nucleus  and  eentrosome."  But  certain  lower 
forms  of  life,  as  most  bacteria,  have  no  nucleus  or  centrosome.  In 
1895,  Yerworn  of  Jena  defined  the  cell  as  "  a  body  consisting  es- 
sentially of  protoplasm  in  its  general  form,  including  the  unmodi- 
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fied  cytoplasm^  and  the  specialized  nucleus  and  centrosome  ;  while, 
as  unessential  accompaniments^  may  be  enumerated  :  (i)  the  cell 
membrane  (ii)  starch  grains  (m)  pigment  granules  (iv)  oil  glob- 
ules (v)  chlorophyll  granules."  Wilson  (1896)  most  eflfectually 
defines  the  typical  cell  diagrammatically.    (See  Fig.  2.)    A  care- 


Fio.  2. 

Attraction  Sphere  inclosing  the  Centrosomes. 


Nucleus 


Diagram  of  a  cell.    (After  Wilson.) 


ful  study  of  this  diagram  in  connection  with  Graf's  drawing  of  a 
nephridial  cell  from  a  leech  (Fig.  3)  will  give  the  reader  a  clear 
conception  of  the  present  knowledge  of  the  structure  of  the  cell. 
The  living  substimce  of  the  cell  is  called  protopla.sni.  That  por- 
tion of  the  living  substance  which  is  outside  of  the  nucleus  is 
calle<l  ct/fopiami,  while  the  living  matter  of  the  nucleus  is  called 
nuefefjphjim, 

1.  Gytoplasm. — In  most  unicellular  organisms,  and  sometimes 
in  metazoa,  the  cytoplasm  is  differentiated  into  the  inner  endo- 
plasm  and  a  somewhat  denser  exoplasm.  The  latter  produces  the 
cell  membnme  when  that  is  present,  or  in  its  absence  takes  its 
place.  Cilia  are  outgrowths  from  the  exoplasm.  Wilson  calls 
attention  to  the  fact,  that  "  it  appears  to  be  a  general  rule  that  the 
nucleus  is  surrounded  by  protoplasm  of  relatively  slight  differenti- 
ation (endoplasm),  while  the  more  highly  differentiated  products 
of  cell  activity  are  laid  down  in  the  more  peripheral  region  of  the 
cell.    The  fact  that  the  reticulum  of  the  cytoplasm  has  not  l)een 


38 


THE  PHYSIOLOGY  OF  THE  CELL, 


found  in  all  cells — especially  certain  plant  cells — leads  some 
biologists  to  look  upon  it  as  an  incidental,  or  even  accidental, 
structure  rather  than  a  typical  one.  Besides  the  division  of  the 
cytoplasm  into  exoplasm  and  endoplasm,  it  may  be  divided  into 
spongioplasni  and  cytolymph.    The  spongioplasm  may  be  repre- 


FiG.  3. 


Section  thnmgh  a  nephridial  cell  of  the  leech,  Clfpginr.  (Drawn  by  Arnold  Graf  from  one 
of  his  own  prej»arations. ) 

The  center  ol  tlie  cell  is  occiinied  V»y  a  large  vacuole,  filled  with  a  watery  liquid.  The  cyto- 
plasm forms  a  very  regular  ana  di^<ti'ncl  reticulum  with  scattered  microsomes  which  become 
very  large  in  the  peripheral  zone.  The  larger  pale  bodies,  lying  in  the  ground-substance,  are 
excretory  granules  (/.  f.,  metaplasni).  The  nucleus,  at  the  right,  is  surrounded  by  a  thick 
cliromatfc  membrane,  is  traversed  by  a  very  distinct  linin-network,  contains  numerous  scat- 
tered chromatin-granules,  and  a  single  large  nucleolus  within  which  is  a  vacuole.  Above  are 
two  isolated  nuclei  showing  nucleoli  and  chromatin-granules  suspended  on  the  llnln-tbreads. 
[WiLSDN  :  The  CcH,  in  I)rrt;lopii^fn{  and  JnherHancc,  l.s%.] 


scntod  by  the  reticulum  made  up  of  threads  of  dense  protoplasm 
in  which  the  microsomes  float,  or,  in  the  absence  of  a  reticulum, 
the  spongioplasm  is  represented  only  by  the  microsomes  which 
float  in  the  cytolymph.  The  plastids  are  differentiations  of  the 
cytoplasm.  They  are  caj)ableof  growth  and  division.  They  may 
be  looked  upon  as  metabolic  organs  of  the  cell.  They  form  starch 
grains,  chlorophyll  grains,  or  pigment  corpuscles,  from  constituents 
of  the  cytolymj)h.     Those  that  form  starch  grains  are  called 
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amyloplasts  ;  those  that  form  chlorophyll  are  called  chloroplasts, 
and  those  that  form  pigment  grains  are  called  chromoplasts.  In- 
closed within  the  cytoplasm,  and  formed  from  it  either  by  the 
plastids^  the  nucleus,  or  otherwise,  are  many  lifeless  products  of 
cell  metabolism — starch  grains,  chlorophyll  grains,  pigment  grains, 
oil  globules,  excretory  granules,  etc.  Some  of  these  represent  re- 
serve nutriment,  and  some  of  them,  waste  matter.  The  vacuole  is 
a  globule  of  food  material,  or  of  waste  material  in  solution.  It  is 
seen  only  in  lower  forms  of  plant  and  animal  life. 

2.  The  Nucleus :  Nucleoplasm. — <^  A  fragment  of  a  cell  de- 
prived of  its  nucleus  may  live  for  a  considerable  time,  and  mani- 
fest the  power  of  coordinated  movement  without  perceptible  im- 
pairment. Such  a  mass  of  protoplasm  is,  however,  devoid  of  tlie 
powers  of  assimilation,  growth,  and  repair,  and  sooner  or  later 
dies.  In  other  words,  those  functions  that  involve  destructive 
metabolism  may  continue  for  a  time  in  the  absence  of  the  nucleus  ; 
those  that  involve  constructive  metabolism  cease  with  its  removal. 
The  nucleus  is  generally  regarded  a  controlling  center  of  cell 
activity,  and  hence  a  primary  factor  in  growth,  development,  and 
the  transmission  of  specific  qualities  from  cell  to  cell,  and  so  from 
one  generation  to  another  "  (Wilson). 

(a)  The  Structure  of  the  Nucleus  is  shown,  in  a  general 
way,  in  the  diagram  of  the  typical  cell  (Fig.  2).  Note,  in  that 
figure :  (a)  The  nuclear  membrane ;  (/5)  The  nuclear  reticulum 
divided  into  (i)  the  chromatin  rctimlum,  and  (ii)  the  Unin  rdim- 
ium  ;  (j)  *he  Nucleoli  represented  by  (r)  the  true  nucleolus  or 
piajfmoxome,  and  (ii)  the  net-knots  or  karuo^omes  ;  (3)  The  nuclear 
sap  or  hiryolymph  which  fills  the  meshes  of  the  network. 

{h)  The  Chemistry  of  the  Nucleoplasm  may  be  briefly 
summarized :  (a)  Chromatin  is  the  substance  which  forms  the 
chromatin  reticulum  and  the  karyosomos.  (^9)  Liiiin  is  the  sub- 
stance which  forms  the  linin  or  achromatic  network,  {y)  Para- 
iinin  forms  the  karyolymph  or  nuclear  sap.  (o)  Pyraiin  forms 
the  plasmosomes.  (s)  Amphipi/renin  forms  the  substance  of  the 
nuclear  membrane.    It  is  probably  identical  with  linin  (Wilson). 

3.  The  Gentrosome. — This  bo^ly  is  now  generally  regarded  as 
the  esi)ecial  organ  of  cell  division  and  in  this  sense  as  the  dyna- 
mic center  of  the  cell.  The  centrosomo  was  discovered,  and  de- 
scribed by  Van  Beneden  (187G-188;]),  and  named  by  Hoveri 
(1888).  The  structure  of  the  resting  centrosonie  is  sufficiently 
shown  in  the  diagram  of  the  cell.  It  is  shown  there  lying  in  the 
cytoplasm  beside  the  nucleus, — its  typical  position, — though  it  may 
lie  within  the  nuclear  membrane.  The  function  of  the  centro- 
some  is  so  prominent  a  part  of  the  process  of  cell  division  that  it 
will  be  described  under  reproduction  of  the  cell. 
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c.  Form  and  Size  of  the  Oell. 

The  simplest  form  is  spherical,  but  many  factors  work  together 
to  modify  this  primitive  form,  so  that  one  mav  find  cells  that  are 
regularly  or  irregularly  spherical,  polyhedral,  prismatic,  cylin- 
drical, discoidal,  fusiform,  or  linear.  Some  cells,  as  the  gangb'on 
cells,  may  be  too  irregular  to  admit  of  any  of  these  rather  definite 
terms. 

The  ovarian  egg  of  the  bird  or  reptile  is  a  cell,  which  difiers 
from  the  typical  cell  only  in  having  a  prodigious  store  of  fiit  and 
other  food  materials,  thus  stored  for  the  nourishment  of  the  de- 
veloping animal.  The  ovarian  egg  of  an  ostrich  is  several  centi- 
meters in  diameter.  On  the  other  hand  some  cells  are  exceedingly 
minute.  Eberth's  Typhus  bacillus  is  about  O.dfi  in  diameter,  i.f., 
eleven  thousand,  lying  side  by  side,  would  hardly  reach  one  centi- 
meter.   The  average  animal  cell  is  about  lO/J  in  diameter. 

4.    THE  INDIVIDnALIZATION  OF  LIVING  SX7BSTANCE. 

Definitiox. — .4/1  organic  individual  w  a  unified  mass  of  living 
substance  in  a  fonn  cajmble  of  maintaining  itself.  The  smallest 
mass  of  li\nng  substance  capable  of  maintaining  itself  is  a  cell. 
The  cell  is,  therefore,  an  elementary'  organism ;  it  is,  at  the  same 
time,  the  lowest  order  of  individual,  or  an  individual  of  the  first 
order.  Ex. :  Amceba  Paramoecium,  Stentor,  Vorticella,  Desmid, 
Yeast-cell,  Protococcus,  Ovum,  leucocyte.  Note  that,  in  the 
examples  cited,  all  but  the  last  two  are  actual,  independent  indi- 


Fio.  4. 


Protoxjiongia  Ifacrkflii,  an  individual  of  the  II  order. 

viduals  leading  a  separate  existence ;  while  the  ovum  is  a  single 
cell  capable  of  producing  an  individual  capable  of  self-maintenance, 
and  the  leucocyte  i.s  virtually  and  potentially  an  individual,  but  it 
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has  merged  its  individuality  in  that  of  the  great  organism  of  which 
it  is  a  part.  Thus  we  may  find  two  series  of  examples,  one  rep- 
resenting actual,  and  one  virtual  individuals.  The  latter,  in  turn, 
may  be  subdivided  into  a  series  representing  individual  develop- 
ment (ontogenic  series),  and  one  representing  stages  of  tissue  de- 
velopment. 

Colonies  of  cells,  similar  as  to  form  and  function,  constitute 
individuals  of  the  second  order.  Ex. :  Protospongia,  Eudorina, 
Morula  or  Blastula  stage  of  development,  any  tissue.  In  the 
animal  kingdom  Protospongia  Haeckelii  (Fig.  4),  and  in  the  plant, 
Eudorina  elegans  (Fig.  5),  we  see  examples  of  colonization  and 
combination  for  mutual  help  and  protection.  This  marks  a  long 
step  in  the  advance  of  living  organisms,  but  all  of  the  cells  are 
practically  alike  in  form  and  function. 

A  unified  mass  of  living  substance,  composed  of  two  or  more 
colonies  of  similar  cells, — two  or  more  tissues, — forms  an  indi- 
vidual of  the  third  order.    Ex.:  Hydra  (Fig.  6),  the  Thallophytes 


Fig.  5. 


Fig.  6. 


K*tdorinrt  f/egfins,  aD  individual  of  the  III  order.        Jfydra,  an  individual  of  the  III  order. 


among  plants,  Gastnila  stage  of  development,  an  organ.  This 
marks  another  long  step  in  organic  evolution — Hpecialization  of 
Mtnwttirf  am!  function. 

Individuals  of  the  fourth  order  are  comiX)sed  of  organs,  tissues, 
and  cells  arranged  in  systems,  such  as  the  digestive  system.  Ex.: 
Man,  Tree.  Men  and  other  animals  organize  colonies  or  states 
which  ri»present  individuals  of  the  fifth  order.  The  following 
table  gives  a  general  view  of  the  individualization  of  living  sub- 
stiince  : 
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1 

1 

Virtual  Individuals. 

O 
PS 

j        Taxonomic  Series. 

1 

Ontooexic  Series. 

HisTOOKKic  Series. 

c 

I. 

1  Am(rba,    Desniid,  Paramoe- 

Ovum,  with  segmen- 

Cell:  Leucocyte. 

a; 

1    vlUIU|       J./laLUIiiC|        1  Ul  IKJCIJoy 

tation  nucleus. 

>• 
>3 
&. 

1  Protococcus. 

1 

o 

i 

n. 

1  ProtospoDgia,  Eudorina. 

Scgmen-  (  Morula. 

Tissue :  Cartilage. 

-< 

-< 
H 

1 

1 

tation  < 

< 

1 

Stages   I  Blastula. 

SDIVI 

III. 

1  Hydra,  Thallophvta. 

1   ; 

Gastrula. 

Organ:  Stomach. 

IV. 

1  Man,  Tree. 

1 

Adult:  Man. 

Systems  of  Organs: 
Man. 

V. 

Colony  or  State. 

VI. 

B.  THE  PHENOMENA  OF  LIFE. 

1.  NUTRITION. 

The  general  term  nutrition  includes  all  those  activities  of  the 
organism  directed  toward  the  procuring  of  food,  digestion,  ab- 
sorption, the  chemical  changes  within  the  tissues  (metabolism), 
respiration,  and  excretion. 

a.  Absorption  and  Excretion. 

1.  Absorption  and  Excretion  of  Gaseous  Material. — Every 
living  organism  ceases  to  live  when  deprived  of  oxygen.  Oxygen 
exists  in  a  gaseous  form  lus  a  constituent  of  the  atmosphere  (21 
per  cent.);  and  it  is  dissolved  in  water,  so  that  it  is  accessible  to 
terrestrial  and  aquatic  phuits  and  animals.  For  multicellular 
organisms  the  law  may  be  stated  thus  :  Every  active  cell  of  every 
living  organism  requires  oxygen  for  the  maintenance  of  activity. 
In  the  whole  organic  kingdom  the  absorption  of  oxygen — Respi- 
ration— is  associated  with  the  excretion  of  carbon  dioxide  and 
water,  and  with  the  production  of  heat.  How  are  we  to  interpret 
these  general  facts?  It  was  formerly  believed  that  oxygen  di- 
rectly oxidized  the  living  matter  in  the  same  way  that  it  directly 
oxidizes  the  carbon  and  hydrogen  of  a  candle,  this  process  result- 
ing, in  both  cases,  in  the  formation  of  carbon  dioxide  and  water, 
and  the  production  of  heat.  Pfliiger  of  Bonn  found  by  experi- 
ment, that  frogs  can  live  several  hours  in  an  atmosphere  of  nitro- 
gen, and  continue  to  produce  carbon  dioxide.    From  this  and 
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other  experiments  Pfliiger  concluded,  that  "  The  first  impulses  to 
the  chemical  processes  of  respiration  are  not  given  by  the  oxygen 
which  enters  from  without ;  but  that  primarily  a  decomposition  of 
molecules  takes  place  within  the  protoplasm,  resulting  in  the  lib- 
eration of  carbon  dioxide,  and  that  hence  the  incoming  oxygen 
effects  a  simple  restitution  of  the  integrity  of  the  new  molecules 
which  are  formed."  This  gradual  breaking  up  of  the  highly  com- 
plex protoplasm  into  simpler  and  simpler  bodies  which  combine 
with  oxygen,  liberating  the  energies  for  the  life  processes,  is  called 
katabolism  or  destructive  metabolism.  The  reverse  process — ^an- 
al)olism,  assimilation,  or  constructive  metabolism — is  one  of  the 
most  interesting  and  important  processes  in  the  realm  of  nature. 
Inasmuch  as  katabolism,  or  destructive  metabolism,  ends  with  the 
liberation  of  carbon  dioxide  and  water,  with  the  consumption  of 
oxygen,  and  the  production  of  heat,  may  we  not  expect  that  the 
building  up  of  living  matter — anabolism,  assimilation,  constructive 
metabolism  would  l^egin  with  the  consumption  of  carbon  dioxide 
and  water,  and  the  liberation  of  oxygen,  and  that  the  process  would 
require  heat  from  some  external  source  ?  This  proce.ss,  which  one 
would  expect,  is  exactly  that  which  is  actually  going  on  in  nature. 
Every  green  plant  absorbs,  as  food,  carbon  dioxide  and  water  ; 
these  are  taken  into  the  protoplasm,  and,  under  the  influence  of 
the  green  plant  coloring  matter— chlorophyll — and  of  the  light 
and  heat  of  the  sun,  the  carbon  dioxide  and  water  are  combined 
to  form  dextrose  (CgHjjOg).  After  dextrose  is  once  formed,  the 
protoj)lasm  of  the  cells  is  able  to  appropriate  it  to  build  up  proto- 
plasm. In  recapitulation  we  may  say,  then  :  (i)  Ail  llring  cells 
af}Sorh  free  oxyyen  in  their  respiratory  j)roces8.  (ll)  AU  liviny 
cells  exerete  carbon  dioxide  in  their  respiratory  process,  (ill)  All 
f/reen  plant  cells  absorb  carbon  dioxide  as  food,  (iv)  All  r/reen 
plant  cells  excrete  oxygen  as  a  rraste  product  in  their  nn  frit  ire  process, 
2.  The  Absorption  and  Excretion  of  Liquid  Substances. 
— Most  of  the  water  used  in  the  plant  economy  is  absorbed  in  the 
fluid  state.  Much  water  leaves  the  bodies  of  both  plants  and 
animals  in  the  form  of  gas  or  vapor,  but  a  hirjje  j)art  of  this  is 
not  the  j)ro<luct  of  excretion,  it  is  the  i)r()duct  of  evai)<)ration. 
All  of  the  water  used  in  the  animal  economy  is  absorbed  in  the 
fluid  state.  Moreover  all  inorganic  matter  is  absorbed  into  cells 
in  the  form  of  solution  in  water.  With  few  exceptions  it  is  also 
true  that  the  food  of  most  animals,  though  received  into  the  ali- 
mentiirj'  canal  in  the  solid  state,  is  changed  to  the  fluid  state — by 
solution  in  water — before  it  is  al)sorl)ed  by  the  cells  which  line 
the  alimentar}'  canal.  A  most  inten^sting  i)rol)U«ni  ])resents  itself 
at  this  point — The  seiecti re  powers  of  living  cells.  Living  side  by 
side  in  the  sea  are  one-celled  animals, — soni(»  sjH'cies  bearing  sili- 
cious  shells,  while  other  species  bear  calcareous  shells.    lC\\t^  fii*st 
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?*pecies  ha.<  selected  the  silica  from  the  sea  water^  while  the  second 
has  ^elected  the  calciom  carbonate.  Growing  side  by  side  in  the 
rihallow  .sea  water  may  be  several  species  of  the  seaweed — Fucus, 
— but  each  species  will  have  selected  different  but  constant  pro- 
portions of  the  mineral  matter  dissfJved  in  the  sea  water.  The 
following  table  from  Pfeffer,  cited  by  O.  Hertwig,  illustrates  the 
I)oint  in  question  : — 


,  Frcxs  Fiirs  Frcrs  Lamixaria 

\  fSIil  LOSr*.         NOEMMI'S.      ^E»»ATVS.  DiGITATA. 


P'HaMium  oxide    ....  K,0  l.>.t»i 

Srjdiom  oxide  Na/> 

i'%\i:\uni  oxide   J*.7« 

silica  SiO,  1.35.< 


10.07*            4.5W  22.  «H 

3S.aM            31.37<  24.09^ 
ie.3M 

1.20!^  1.56^ 


In  the  Ixxlies  r>f  higher  animals  each  cell  is  bathed  in  blood,  or 
lymph,  containing  many  food  materials  in  solution,  but  the  bone 
cells  select  the  CaCO^  and  (^\(  l^^)*,  while  the  muscle  cells  select 
fn»m  the  nutrient  fluid  pn>teids  with  various  salts;  and  so  on, 
ever\'  cell  selecting  the  needed  food,  and  rejecting  what  is  not 
neede<L 

The  Absorption  of  Solid  Bodies. — Can  living  cells  absorb 
and  appropriate  as  ftKwl  solid  Ixxlies  ?  This  can  only  be  accom- 
plishc<l  by  cells  devoid  of  a  cell  membrane,  or  cells  having  holes 
in  the  membrane.  As  most  cells  are  encloseil  in  a  membrane,  it  is 
clear  that  the  al>sorption  of  s<jlid  bodies  is  limited  to  naked  animal 
cells,  /.  f'.,  to  the  Khizopoda  and  Ciliata  among  lower  animals,  and 
to  leucocytes,  and  iK)ssibly  ciliated  epithelium,  among  higher  ani- 
mals. The  ability  to  absorb  i)articles  is  of  veiy  great  importance 
to  the  higher  animals,  and  is  utilized  under  the  following  circum- 
sUuices  :  (i)  During  embryonic  development  in  absorbing  use- 
less |Kirts.  (u)  During  life  in  disposing  of  solid  impurities, 
l)roken-down,  red-blood  corpuscles,  etc.  (ill)  During  infectious 
disease*  the  leucocytes  constitute  a  bodyguard  in  opjX)sing  the 
8|)rca(l  of  microlH's  in  the  l)l(X)d  and  tissues  by  simply  absorbing 
and  digesting  tlieni.  Metchnikoff  says  :  Between  micro-organ- 
isms and  lcu(ro(ytes  an  active  war  is  raging.  This  is  settled  in 
favor  of  one  or  the  other  l)arty,  resulting  in  the  death  or  the  re- 
covery of  the  affcctt'd  animal." 

I),  Metabolism. 

Tluj  term  inrJffhollHia  is  used  to  designate  the  chemical  changes 
to  which  matter  is  sul ejected  under  the  influence  of  life.  When 
the  chenii(uil  change  conil)ines  simpler  into  more  complex  sub- 
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stances,  the  term  anabolism,  or  constructive  metabolism,  is  used ; 
while  for  the  reverse  process  kataboUmi,  or  destructive  metabolism, 
is  used. 

1.  Ohemical  Phases. — It  has  already  been  stated  that  under 
the  influence  of  chlorophyll  and  sunlight  the  plant  cell  is  able  to 
cause  a  combination  of  carbon  dioxide  and  water  to  form  dextrose, 
and  that  the  cell  protoplasm  has  the  i)ower  of  replenishing  its  sub- 
stance from  the  dextrose  ;  further,  that  through  successive  combi- 
nations with  oxygen  the  protoplasm  is,  step  by  step,  reduced  to 
simpler  compounds,  until  it  ls  finally  exj^elled  from  the  organism 
in  the  form  of  carbon  dioxide  and  water.  This  is,  in  fact,  about 
all  that  is  known  with  absolute  certainty.  It  was  formerly  be- 
lieved that  the  combination  of  carbon  dioxide  and  water  was  di- 
rect, and  as  follows:  QCO^+GUp^^C^U^p^+GO^;  but  it  is 
now  believed  that  the  combination  is  indirect,  and  somew^hat  as 
foUows:  C02+H20=02+CH20  (Formic  Aldehyde)  and  GCH/) 
ssCgHjjOg  (Dextrose).  It  has  been  convenient  to  describe  the 
two  extreme  steps  of  the  process  of  metabolism,  first  the  combina- 
tion of  the  inorganic  elements  of  our  environment^ — CO^  and  Hfi 
— within  a  green  plant  cell,  under  the  influence  of  the  energj'  of 
the  sunlight,  to  form  dextrose,  and  finally  the  katabolisni,  or  de- 
stnictive  metabolism,  of  the  animal  cell  into  the  same  inorganic 
elements.  Between  these  two  extremes  are  many  intermediate 
steps.  In  the  plant  kingdom  the  steps  are  ascending  ones,  for  the 
protoplasm  of  the  plant  cell  is  able  to  make  a  long  list  of  carbo- 
hydrates, then  of  fats  and  oils,  then  of  proteids,  and  finidly,  to  re- 
plenish its  own  substance,  or  to  make  protoplasm.  The  slight 
activities  of  the  plant  require  katabolism  of  living  substance  for 
the  lil)eration  of  the  needed  energy,  but,  on  the  whole,  anabolis^m, 
or  constructive  metabolism,  predominates,  and  the  plant  kingdom 
iKMjueaths  to  the  animal  kingdom  a  ricli  legacy  of  starch,  cellulose, 
sugar  and  other  carbohydrates,  of  oils  and  of  j)rotcids.  Animals, 
on  the  other  hand,  are  unable  to  a])propriate  either  the  free  inor- 
ganic elements  or  the  free  sun-energy  of  their  environment ;  they 
de|)end  directly  or  indirectly  uiK)n  plants  or  plant  products.  The 
active  life  of  animals  involves  the  dissipation  of  much  energy  . 
This  energj'is  liberated  by  the  katalmlism  of  living  substance  ;  so, 
in  the  animal  kingdom,  katabolisni,  or  destructive  metabolism, 
j)ml<>mi  nates. 

The  following  figure  illustrates  the  relation  of  anabolisni  and 
katal)oIism, — of  constnictivc  and  destructive  metabolism  in  the 
plant  and  animal  kingdom.    (See  Fig.  7.) 

In  the  successive  metabolic  changes  fennents  play  a  very  im- 
portant part.  A  ferment  is  a  j)roteid  body,  capai)le  of  causing  a 
chemiad  change  without  itself  being  consumed  or  essentially 
altered.    It  is  clear  from  this  definition  that  a  very  small  amount 
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of  ferment  is  able  to  acoomplish  a  yery  large  amount  of  work. 
Examples  :  Diastase,  Ptj  alin,  Pepesin,  etc.,  etc. 

FiG.  7. 


Imgram  illuHtratiug  the  relation  of  plautsi  and  aoimals  to  aoabolLstoi  and  katabolisiu. 

2.  Physical  Phases. — Incidental  reference  has  already  been 
made  to  the  lilKjration  of  energ>'  and  to  the  making  latent  of 
energ}'.  As  stated  in  the  introduction,  the  law  of  the  conser- 
vation of  energy  applies  to  animal  IxKlies  as  it  does  to  a  steam 
engine. 

(n)  Forms  of  ExERf^Y. — (i)  Atomic  Attraction  or  Chemiad 
Energy,  (n)  Molecular  Attracticm  or  Cohesion,  (ill)  Molar  At- 
traction or  (jravitiition,  (iv)  Heat,  (v)  Light,  (vi)  Electricity, 
(vii)  Magnetism,  (viii)  Mechanical  Energ}',  Pressure,  Tension. 

(h)  The  Celi/s  Soi  rce  of  Energy  {a)  Chemical  Energy. — 
Th'  eoinhiiifffion  of  (itoiiiH  into  nuAccidex  leath  to  a  liberation  of  energy 
irhilv  the  xrpn ration  of  a  molreule  into  itx  atomic  elementii  requires 
cnrrf/y.  For  (•xanij)le,  the  coml)inatii)n  of  hydrogen  and  oxygen 
into  water  liluTatcs  heat  ;  while  the  decomjK)sition  of  water  into 
its  roiistitiiciits  r<'(iuires  the  exi)enditure  of  energy.  But  in  the 
usual  chemical  reaction  there  is  ix^th  a  separation  and  a  combina- 
tion of  the  atoms. 

This  l(*ads  to  the  formulation  of  the  following  law :  If,  in  a 
clii'iiiiral  reaction,  sfronr/rr  aflinitics  arc  satisfied  than  broken,  energy 
irill  be  libenited  ;  if,  on  the  other  hand,  sfrotif/er  aflinitiex  arc  broken 
than  natinjied,  enerr/y  trill  be  required  to  bring  about ^thc  reaction. 
Exami)lcs  : 

(I.)  (\H./(\JI,.(^( )()-).,  4-  IWO  =  ooII.O  +  -'^TCO.,  +  Energy 
( 11. )  0C(  ),-f  01  r.O  4-  Energy  =  C,H,,0,  "-f  <>0,,. 

Potential  chemical  energy  is  the  conunon  source  from  which 
spring  all  the  other  forms  of  energy  inyolyed  in  the  phenomena 
of  life. 

(fi)  Energy  of  Heat  and  Light. — The  source  of  this  form  of 
enei'gy  for  the  ivalm  of  Hying  nature  is  sunlight,  and,  as  pre- 


MOTO^ENSOBY  ACTIVITIES  OF  LIFE, 


47 


viously  stated,  it  makes  its  entrance  into  this  realm  through  the 
chlorophyll-bearing  plant-cell.  Moreover,  not  all  of  the  energy 
of  sunlight  is  thus  utilized,  the  cell  selects  energj^  as  it  does  mat- 
ter. Pfeffer's  observations  have  led  to  the  following  figure.  (See 
Fig.  8.)    As  to  the  action  of  the  warmth  of  the  sun's  rays  upon 


Fig.  8. 


Bed    Orange  Yelloto      Green         Blue     Indigo  . 
Pfeffer'd  diagram  showiDg  the  relation  of  light  to  ossimilatioD  in  chlorophyll-beariug  plants. 

animal  metabolism,  it  is  rather  indirect  than  direct,  as  it  simply 
economizes  animal  heat  and  so  decreases  katabolism  or  destructive 
metabolism.  The  same  may  be  said  of  such  artificial  measures  as 
shelter,  clothing  and  heating, — they  all  economize  animal  heat, 
thus  decreasing  katabolism. 

(c)  The  Cell's  Manifested  Energy. — This  appears  in  the 
form  of  cell-motion,  of  heat,  and  in  certain  organisms  in  the  form  of 
light  or  of  electricity. 

2.  MOTO-SENSORY  ACTIVITIES  OF  LIFE. 

Let  us,  for  a  moment,  recall  Sjx^ncer's  definition  of  Life :  ^^Life 
is  the  continuous  adjustment  of  internal  relations  to  external  rela- 
tions." The  same  idea  may  be  stated  in  slightly  different  terms  : 
Life  in  an  orgnnlsmii  is  a  correlation  of  cnerr/ics^  manifesictl  by  a 
t^mtinuouM  wljmtment  of  its  intcruftl  (ii'fiviii(f<  to  its  environment. 
All  the  activities  of  an  individual  may  be  divided  into  two  classes  : 
1st.  Jix/oiMfic  Actiritieii — which  contribute  to  self-])reservation  ; 
Egoism  ;  Individualism  :  2d.  P/ii/!ctie  Activities — which  contril)ute 
to  the  preser\ation  of  the  race;  Phyletieism  ;  Ahniisni.  In  the 
first  case  we  find  the  organism  in  a  struggle  fi)r  life — life  of  self ; 
in  the  si'cond  case  we  see  the  organism  sacrificing  self  for  the  ])res- 
er\'ation  of  the  s})ecies.  Applied  more  specifically  to  physioloiry, 
the  first  class  of  activities  are  those  which  eonti'iinite  to  the  jtro- 
ctirinfj  of  nutriment f  to  aelf-fJefence  against  danger,  and,  in  higher 
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animals  to  the  purmit  of  pfeamire  ;  while  the  second  class  is  repre- 
sented by  reproduction,  protection  of  offspring,  etc.,  and  in  higher 
animals  philanthropy.  Self-defence  as  well  as  the  procuring  of 
food  usually  involves  motion  ;  frequently  also  locomotion,  on  the 
part  of  the  organism.  Motion  is  always  in  response  to  a  stimu- 
lus ;  but  response  to  a  stimulus  involves  irritability.  It  must  be 
evident,  then,  that  the  activities  of  the  moto-sensory  organs  and 
tissues  are  inter-dependent  and  that  they  must  follow  a  particular 
sequence.  Let  us  turn  our  attention  first  to  motion  and  contrac- 
tility. 

a.  Motion  and  Oontractility. 

For  the  most  part  the  motion  of  living  organisms  is  due  to  their 
possicssion  of  the  projx*rty  of  contractility,  but  there  are  among  the 
plants  various  other  methods  of  moving  the  jxirts  of  the  individ- 
ual, or  even  of  moving  the  whole  individual  (locomotion),  than 
through  contractility  of  living  substance.  It  would  seem  as  if 
Nature  had  tried  various  experiments  and  had  finally  in  the  higher 
animal;?  six?cialized  the  property  of  contractility  as  the  most  efficient 
method  of  producing  motion. 

1.  Motion  Without  Contractility. — (a)  Motion  Through 
Swelling  of  the  Cell  Wall. — The  si)ores  of  the  common  horse- 
tail rush,  E(juixetiimj  are  provided  with  four  little  cellulose  ap- 
pendages (elaters)  which  wrap  tightly  around  the  body  of  the  sjx)re 
when  moist  and  extend  when  dry.  The  alternation  of  these  two 
conditions,  accompanied  by  an  alternation  of  flexion  and  extension, 
causes  the  little  s[)ore  to  move  slowly  over  the  surface  of  the  soil, 
to  some  distance  fnmi  the  parent  plant. 

(h)  M</riox  Through  Change  of  Cell  Turgor. — ^The 
closing  of  leaves  at  night  and  their  ojKMiing  in  the  sunlight  is 
a  i)henomenon  known  to  every  scIkkJ  child.  How  do  the  leaf- 
lets of  the  clover,  oxalis,  or  sensitive  plant  close  together?  In 
the  axil  of  ever^'  leaf  is  a  motile  organ  eomposcnl  of  thick-walled 
parenchyma  cells  between  the  fibro-vascular  bundle  and  the  epi- 
dermis Ik'Iow,  while  the  fii)ro- vascular  bundle,  though  flexible,  is 
not  extensible.  The  tissues  al)ove  the  libro-vascular  bundle  are 
very  scantily  represented.  When  the  parenchyma  cells  above 
mentioned  i)ecomc  turgid  with  water^the  leaf-stalk  is  erected ;  if 
the  water  is  suddenly  allowed  to  escape  from  the  cells  the  leaf 
falls  to  the  nocturnal  or  sl(»ei)ing  |)ositiou  by  its  own  weight. 
When  the  proper  stimulus  comes,  the  protoplasm  imbibes  water 
again  and  the  leaf  is  erected. 

(c)  Motion  TiiHourin  Change  of  Specific  Gravity. — Cer- 
tain marine  animals  of  low  rank  (Kadiolaria,  Siphonophora)  utilize 
their  own  excretions  to  buoy  them  up.  By  retaining  their  carbon 
dioxide  it  so  decreases  their  specific  gravity  that  they  rise  to  the 
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top  of  the  water.  On  the  other  hand^  by  giving  off  the  carbon 
dioxide,  or  by  deposit  of  calcium  salts  or  of  silica  within  their 
tissues  they  will  again  sink. 

{d)  Motion  through  Secretion. — ^The  movements  of  des- 
mids  and  diatoms  were,  for  a  long  time,  a  subject  of  study.  It 
finally  became  apparent  that  the  minute  organism  was  leaving  be- 
hind it  a  little  trail  of  secreted  mucus,  which  served  the  double 
purpose  of  anchoring  it  to  its  place  and  of  pushing  it  along. 

{e)  Motion  through  Growth-tension. — The  seedpod  of  the 
touch-me-not  grows  in  such  a  way  that  the  opposite  segments  exert 
a  nicely-balanced  tension  against  each  other.  If  the  ripe  pod  be 
gently  pressed  the  equilibrium  is  destroyed  and  the  pod  flies  to 
pieces,  throwing  the  seeds  out. 

2.  Motion  Through  Contractility. — (a)  Amoeboid  Motion. — 
The  amoeba  when  in  a  state  of  rest  is  spherical,  and  presepts 
to  the  medium  in  which  it  floats  the  minimum  surface.  Its 
motion  consists  in  the  pushing  out  of  a  portion  of  its  periphery. 
(See  Fig.  9.)    This  act  increases  the  surface  exposed  to  the  me- 


Fio.  9. 


Ad  ftmceba  in  diflTerent  phases  of  motion  {A  b  c).  Ciliated  epithelial  cells  (Ra).  Sperma- 
tozoa with  motile  flmgella  {Bb). 


dium  and  thus  increases  the  opportunity  for  the  exchange  of  oxygen 
and  carbon  dioxide.  It  also  increases  the  opix)rtunity  to  get  food. 
The  hungry  amoeba  is  always  active.  The  extensions  of  its  proto- 
plasm— its  pseudopodia — may  be  numerous,  and  they  vary  from 
minute  to  minute.  This  form  of  motion  is  observed  nUo  in  the 
white  blood-corpuscles  or  leucocytes. 

(6)  Ciliary  Motion. — Many  cells  are  provided  with  fine  pro- 
toplasmic extensions,  which  are  ]x*rmanent  and  may  cover  the  whole 
surface  of  the  cell,  or  a  limitecl  surface,  and  may  be  numerous  or 
few.  In  active  cells  the  cilia  are  in  a  state  of  constant  motion,  which 
ainsists  in  a  quick  whip-like  motion  in  one  direction,  followed  by 
a  slow  return.  All  of  the  cilia  on  the  end  of  a  ciliated  cell  of  the 
human  respiratory  tract  (Fig.  9,  B  a)  move  in  the  same  direction 
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at  the  sarae  time.  Furthermore,  all  of  the  cilia  of  all  the  cells 
in  any  region  act  in  unison,  an  undulatory  motion  running  over 
the  whole  surface.  The  result  of  such  a  movement  of  the  cilia 
is  to  carry  over  the  surface  any  small  particles  or  accumulations 
of  secretions.  Cilia  are  capable  of  a  prodigious  amount  of  work. 
The  ciliated  epithelium  of  a  frog's  cesophagus  will  carry  a  75- 
mgm.  lead  weight  up  a  60-degree  incline  when  the  lead  presents 
as  much  as  20  square  millimeters.  One  form  of  ciliary  motion 
is  that  presented  by  the  spermatozoa.  (Fig.  9,  B  6.)  Here  the 
one  cilium,  or  flagellum,  possesses  a  scull-like  motion,  which  pro- 
pels the  spermatozoon  through  liquids  or  over  moist  surfaces. 

(e)  Muscular  Motion,  or  Motion  by  Fibrillary  Con- 
tractility.— A  third  form  of  motion  is  that  through  contraction 
of  fibrillfle.  Contractile  fibers  appear  very  low  in  the  animal  scale. 
The  Sfentovy — Protozoa,  Ciliata, — (Sec  Fig.  10,  a,  6),  possesses 
numerous  fine  fibrillse  in  the  exoplasm  of  the  cell.  Through  the 
contraction  of  these  fibrillte  the  body  may  retract  upon  the  little  foot 
until  it  assumes  a  nearly  spherical  form.  The  closely  related  Vor- 
ticella  has  a  long  slim  pedicel  to  its  bell-shaped  body.  The  stalk 
has  the  property  of  retracting  into  a  closely  coiled  spiral,  a  striking 
view  under  the  microscope.  Figure  10,  c/,  c,  shows  the  mechan- 
ism which  produces  this  remarkable  effect.    There  is  a  smgle  con- 
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Illustrating  fibrillary  coutractility  :  a.  SU-ntur  ojieii.  b.  S/nifor  contracted,  c.  Voriicella 
o\ien,  and  contracted',  with  (<  )  section  of  ^H'diccl  ol  same.  /  and  {/  Neuro-muscle  cells  of  a 
ccDlcntcratc.  Note  that  tin-  nucleated  l»ody  ot  these  cells  iw^sse^ses  a  sensitive,  tactile  flagellum 
(a),  and  a  contractile  librilhi  (//»).  The  set^nid  one  of  these  cells  ((f)  is  es|)ecially  interetitrng  be- 
cause the  thread  of  iiroto[»l;Lsnj  between  the  lK)dy  j>f  tlie  crll  and  the  motor  fibrilla  is  the 
functional  etjuivalent  of  a  motor  or  ert'erent  nerve." 

tractile  fibril  passinjr  spirally  down  the  inside  of  the  sheath  of  the 
])edicel.  Contnictioii  of  this  fil)ril  tends  to  straighten  it,  throwing 
the  j)e<licel  into  a  spind.    N<*xt  in  the  progressive  series  the  neuro- 
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muscular  cell  of  the  medusa  may  be  named.  (See  Fig.  10,/,^.) 
Muscular  tissue  is  fairly  well  developed  in  Vermes,  and  very 
highly  developed  in  the  higher  Arthropoda,  especially  the  insecta. 
Figure  11,  a,  6,  c,  shows  some  forms  of  muscle  fibers  or  cells  from 
vertebrate  animals.  Figure  11,  shows  a  portion  of  a  fibriUa 
from  a  muscle  fiber  of  an  insect's  wing.  For  a  further  description 
of  the  muscle-tissue  of  the  higher  animals  see  the  anatomical  in- 
troduction to  the  next  chapter. 


Fig.  11. 


a        6  c  d 


n.  Non-Mtrlatetl  muscle  ci'll.  h.  Striated  muscle  cell  of  frog's  heart,  c.  Striated  mu-nele 
c*fll  i»f  niamuiarii  heart,   d.  Striated  muscle  cell  of  insect's  wing. 

Muscle  tis.<ue  is  sensitive  to  various  stimuli  applied  either  di- 
rei-tly  to  the  muscle  or  indirectly  to  the  nerve  which  sni)plies 
the  muscle.  When  stimulated,  the  muscle  rosiK>n(ls  by  making  a 
t*<»nt paction  which  con.sists  in  a  decrease  in  length  with  increase  of 
th<»  thickness,  the  volume  remaining  the  same.  Other  important 
changes  t;ike  place  in  a  muscle-cell  incident  to  its  contraction,  viz.: 
The  chemictil  changes  which  liberate  the  mechanical  energy  of 
motion,  also  a  certain  amount  of  heat  energy.  These  changes 
will  Ik?  discussed  at  length  in  the  chaj)ter  on  the  physiology  of 
contractile  and  irritable  tissues. 

h.  Sensibility:  Irritability. 

The  most  noticeable  fact  observable  in  the  \'()i*ticella  is  its  mo- 
tion. After  observing  this  motion  for  a  time,  one  asks  :  Why 
it  move?  If  the  microscope  slide  upon  which  it  is  rcstiuir 
l>e  jarre<l,  or  if  it  1k»  touched  by  some  foreign  body,  the  contrac- 
tion will  take  place.  Evidently  the  organism  as  a  whol(%  or  some 
s|K*ciaHzed  p)rtion  of  it,  is  sensitive  to  the.^e  mechanical  stimuli. 
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When  the  araceba,  resting  quietly  on  the  slide,  suddenly  thrusts 
out  a  pseudopodiuni  the  immediate  cause  is  not  so  evident.  The 
cause  is  internal.  The  amoeba  is  hungry,  and  like  all  hungry 
organisms,  it  starts  upon  a  foraging  tour.  In  every  case  motion, 
indeed  all  cell  activity,  is  in  response  to  stimuli.  The  ability  to 
respond  to  stimuli  is  called  irritability.  This  is  the  characteristic 
of  living  matter,  by  which  it  is  susceptible  to  changes  in  its  en- 
vironment ;  it  is  the  primary  distinguishing  feature  of  living 
matter.  Without  it  the  living  organism,  being  unconscious  of 
changes  in  its  environment,  could  originate  no  activity  which 
would  bring  it  into  harmony  with  its  surroundings,  and  its  de- 
struction through  hunger  or  accident  would  inevitably  soon  follow. 
A  complete,  successful,  adaptative  action  then  requires  :  1st,  7m- 
tabiliiy  ;  2d,  Motion  and  coordination  in  ftpace  and  time. 

Some  stimuli  arc  external  to  the  organism  and  apparent  to  the 
observer;  others  are  internal  and  not  apparent.  The  invisible 
stimuli  are  just  as  real  as  the  visible  ones.  The  internal  stimulus, 
which  starts  the  amoeba  in  quest  of  food,  is  probably  a  chemical 
one. 

(1)  Stimuli  Classified. — The  following  forms  of  energy  act  as 
stimuli  for  most  cells :  (i)  Heat,  (ii)  Light,  (iii)  Electricity,  (rv) 
Mechanical  Stinmli,  (v)  Chemical  Stimuli. 

(2)  Action  of  Stimuli. — (a)  The  same  stimulm  may  jyroduce 
(jHite  different  effects  in  different  organisms,  (Ex.  Heliotropism, 
j_  Chemotroj)ism,  +  Galvanotropism.) 

{b)  Quite  different  stimuli  will  produce  the  same  effect  in  the  same 
protoplamnic  body,  if  the  sensitive  body  is  highly  specialized,  e.  g., 
a  muscle-cell  responds  to  all  stimuli  by  contracting,  a  gland-cell 
by  secreting,  while  the  stimulation  of  the  optic  nerve  can  only  pro- 
duce the  sensation  of  light. 

(c)  However  localized  the  application  of  the  stimxduSy  the  effect  is 
always  transmitted  to  more  or  less  remote  parts  of  the  organisin ; 
therefore,  we  must  infer  the  conductirity  of  living  matter. 

(d)  Stimuli  are  more  rapidly  transmitted  in  animal  than  in  plant 
bodies,  [Human  nerves,  34  ft.  per  second.  Plant  tendril  1  ft. 
in  several  minutes.] 

((')  The  action  of  stimuli  is  more  or  less  transienty  i.  f.,  the  stimu- 
lated organism  returns  after  a  short  period,  more  or  less  completely, 
to  its  former  state  of  rest. 

(./ )  Over-stimulation  always  leads  to  exhaustion,  recognized  at 
the  point  where  even  a  strong  stimulus  fails  to  elicit  a  response. 

c.  Reproduction. 

Reproduction  has  already  been  mentioned  as  one  of  the  phyletic 
or  altruistic  functions  for  the  reason  that  it  invariably  involves  on 
the  part  of  the  individual  sacrifice  of  self  for  species. 

In  a  general  way  the  lower  animals  undergo  a  greater  selfHsac- 
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rifice  in  the  reproduction  of  offspring  while  the  higher  animals 
undeigo  a  greater  self-sacrifiee  in  the  support  and  protection  of 
offspring.  Let  us  proceed  to  the  description  of  the  phenomena  of 
cell  reproduction. 

1.  Gell-Reproduction. — It  was  demonstrated  by  Virchow  that 
every  cell  is  from  a  cell — "  Omnia  cellula  e  celluhJ^ 


Fig.  12. 


IHrect  or  Amitotic  cell-division.  1-5  Division  of  the  .{imrhn.  The  lower  figures  ilhistrate 
I  lie  dlvlnlun  of  the  .VTrH/or.    w.  Ducleu.s  ;  cr.  Contractile  vutuole. 

"  No  spontaneous  generation  of  cells  occurs  <»ither  in  phuits  or 
in  animals.  The  many  millions  of  cells  of  which  the  Ixxly  of 
man  is  comi>osed  have  lx»en  produced  i)y  the  repeated  division  of 
one  cvW — the  orMm,  in  which  the  life  of  every  animal  conunences." 
— Hertwig. 
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There  are  two  methods  of  cell-reproduction — direct  2inA  indirect. 

(a)  Ix  THE  Direct  or  Amitotic  Method  the  division  of  the 
cell  protoplasm  usually  begins  in  the  nucleus  followed  by  the  cyto- 
plasm. The  contractile  vacuole  usually  takes  part  in  the  division. 
(See  Fig.  12.)  This  form  of  cell-reproduction  maybe  observed 
"  in  glandular  epithelia,  in  the  cells  of  transitory  embryonic  en- 
velopes, and  in  tumors  and  other  pathological  formations." — 
Wilson. 

{b)  The  Indirect  :  Mitosis  or  Karyokixesis. — In  this 
method  the  nucleus  plays  the  principal  r6le,  the  chromatin  pre- 
senting a  series  of  striking  appearances,  called  the  karyokinetic 
figures.  This  form  of  cell-reproduction  is  now  held  to  be  typical 
for  nearly  all  healthy  nucleated  cells. 

Karj'okinesis,  mitosis,  or  indirect  cell  division,  presents  a  very 
long  series  of  changes  sufBciently  different  one  from  another  to 
lead  to  the  description  of  twelve  to  fifteen  different  stages.  O. 
Hertwig  and  Wilson  use  four  principal  phases,  one  phase  fre- 
quently representing  several  stages. 

Following  these  authors  mitosis  may  be  thus  briefly  summa- 
rized :  In  its  resting  condition,  which  immediately  precedes  mitosis, 
one  may  observe  a  walled  nucleus,  with  granular  chromatin  and  a 
more  or  less  clearly  defined  centrosome,  which  may  have  pre- 
viously divided,  but  which  is  dormant. 


Fig.  13. 


Projthaxfs  of  Karyokiticiis.  T.  isioii  ami  miqrnt  'mn  of  (•ontrosome  ;  //,  Resolution  of  chro- 
matin into  wollHlelinod  thi  f  atl;  III,  Segmentation  of  same  into  chntnumnnes ;  JV,  develop- 
ment  of  ampfnaith  m  ;  chromosomes  e(|uatorial.  (Wii.soN.) 

(«)  TA^?  P/-oyy/ia.vf'.s  or  preparatory  stages.  (Fig.  13.)  (i)  Division 
of  the  centrosome  and  migration  of  each  young  centrosome,  along 
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the  circumference  of  the  nucleus  to  an  opposite  pole  of  the  nucleus, 
(ii)  Resolution  of  the  chromatin  substance  of  the  nucleus  into  a 
well-defined  thread  or  spirem,  which  is 
coiled  within  the  nucleus,  (iii)  Segmen- 
tation of  the  spirem  into  a  definite  number 
of  chromommes.  "  Every  species  of  plant 
or  animal  has  a  fixed  and  characteristic 
number  (8  to  36,  16  in  man)  of  chromo- 
somes which  regularly  recurs  in  the  division 
of  all  of  its  cells.  In  all  forms  arising  by 
sexual  reproduction  the  number  of  chro- 
mosomes is  even."  (Wilson.^  (iv)  De- 
velopment of  the  AmphiaMer  wnich  consists  (wJ^jfj**  Karyokinesia. 
of  two  polar  asters,  in  the  center  of  each 

of  which  lies  a  centrosome,  also  the  spindle.  The  aster  lies  in  the 
cytoplasm,  while  the  spindle,  formed  of  numerous  meridional 

Fig.  15. 


Anaphases  of  Kao'okinesis.  (Wilson.) 


Fig.  10. 


fibrillie,  formed  from  the  achromatic  network,  occupies  the  nucleus, 
whose  walls  have  in  the  meantime  disintegrated  and  disappeared. 

(v)  The  chromosomes  assume  a  ]X)sition  in 
the  equatorial  plane  of  the  spindle  forming 
the  equatorial  ptatc. 

Metaphase.  (Fig.  14.)  Longitudinal 
division  of  each  chromosome.  "The 
daughter  nuclei  receive  precisely  etiiiiva- 
lent  portions  of  chromatin  from  the  mother 
nucleus.''  (Wilson.) 

(j)  AnaphaifCH,    (Fig.  15.)     (i)  Diver- 
gence of  the  two  sets  of  dough tcr  chronio- 
Karyokinesu.  somcs  toward  thc  polcs  of  the  spindle. 

Probably  drawn  by  the  meridional  fibers 
seem  to  be  attached  to  them,    (ii)  The 
divergence  of  the  daughter  asters  reveals  an  inner  spindle,  this 
first  visible  at  the  cijuator  of  the  nucleus,  and  called  the  interzonal 


Tflnpha**'  of 


of  the  spindle,  which 
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fibers,  (in)  Division  of  the  centrosome  preparatory  to  the  next 
mitosis. 

{S)  Telophases,  (Fig.  16.)  "  The  entire  cell  divides  in  two  in 
a  plane  passing  through  the  equator  of  the  spindle^  each  of  the 
daughter-cells  receiving  a  group  of  chromosomes,  half  of  the 
spindle  and  one  of  the  asters  with  its  centrosome."  (Wilson.) 
(ii)  The  chromatin  becomes  distributed  in  granular  form,  as 
found  at  the  beginning,  (ni)  The  nucleus  provides  itself  with 
another  nuclear  membrane. 
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II.  THE  PHYSIOLOGY  OF  CONTRACTILE 
AND  IRRITABLE  TISSUES. 

INTRODUCTION. 

A.  PHYSICAL  INTEODUOTION. 

Incident  to  the  investigation  of  the  properties  of  muscles  and 
of  nerves,  various  stimuli  are  employed.  The  stimulus  most  used 
is  electricity.  It  is  taken  for  granted  that  the  student  has  made 
himself  acquainted  with  the  general  principles  of  electricity  before 
beginning  the  study  of  physiology.  The  electrical  appliances 
used  in  the  physiological  laboratory  being  somewhat  specialized^ 
require  a  brief  description. 


1.    ELEMENTS  AND  BATTERIES. 


Fig.  17. 


The  Daniell  element  or  cell  is  used  most  in  the  physiological 
laboratory.    Fig.  1 7  shows  such  a  cell  to  be  composed  of  four 

parts :  The  outer  glass  receptacle 
usually  of  one  or  two  quarts  capacity ; 
the  copper  plate,  a  thin  sheet  of  copper ; 
the  porous  cup,  of  unglazed  earthen- 
ware, and  the  zinc  plate,  which  stands 
in  the  porous  cup.  The  Daniell  cell 
is  a  two-fluid  cell :  Outside  of  the 
porous  cup,  and  surrounding  the  coj)- 
per  ])late,  there  is  a  saturated  solution 
of  copper  sulphate ;  inside  of  the  cup, 
surrounding  the  zinc  plate,  there  is  10 
]>er  cent,  sulphuric  acid.  The  zinc 
plate  must  have  its  surface  amalga- 
mated to  prevent  its  too  rapid  con- 
sumption and  the  evolution  of  hy- 
drogen gas.  The  zinc  })late  is  the  jx>sitive  plate,  while  the  copper 
plate  is  the  negative  one.  Uj>on  each  plate  there  is  a  bindQng- 
screw,  through  which  the  wires  may  he  fixed  to  the  plates.  The 
distal  ends  of  the  wires  are  called  the  poles  or  electrodes.  The 
electrode,  which  is  attached  to  the  negative  (copper)  plate  is  tlie 
positive  electrode  or  anodc^  while  the  electrode,  which  is  attached 
to  the  positive  })lat(%  is  the  negative  electrcxle  or  kathode.  No 
chemical  action  takes  place  in  the  cell  until  the  electrodes  are 
brought  into  contact  with  each  other  when  zinc  is  consumed  with 
the  formation  of  zinc  sulphate  and  the  liberation  of  nascent  hy- 
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drogen;  the  latter  displaces  from  the  copper  sulphate  copper, 
which  is  deposited  upon  the  copper  plate. 

The  amount  of  electrical  energy  liberated  by  one  cell  is 
frequently  insufficient  to  meet  the  requirements  of  a  physiological 
experiment.    In  such  a  case  recourse  is  had  to  the  multiplication 


Fig.  18. 


The  DuBoiA-Rcymond  key. 


of  cells  to  form  a  battery.  The  high  resistance  of  animal  tissues 
to  the  passage  of  an  electrical  current  makes  it  necessary  to  adopt 
a  particular  method  of  joining  up  the  cells  of  the  battery ;  /.  c, 
the  cells  are  joined  up  in  aeries  or  tanrler)}. 

2.    KEYS  AND  ELECTRODES. 

The  key  most  used  in  physiological  experimentation  is  the  Du 
Bois-Reymoud  key  (see  Fig.  18).  This  key  has  the  advantage 
of  permitting  two  distinct  uses  :  (i)  as  a  simple  contact  key,  (ri  )  as 
a  short-circuiting  key.  It  is  evident  in  the  second  case  that  when 
the  key  is  closed  the  circuit  is  "  short-circuited/'  and  the  current 
passes  from  the  positive  to  the  negative  side  through  the  k(»y. 
When  the  key  is  opt»ned  as  shown  in  Fig.  19,  IT,  the  current  is 
thrown  into  the  longer  circuit  and  must  traverse  the  nerve  which 
lies  upon  the  electrodes.  This  is  the  usual  method  of  using  the 
DuBois-Reymond  key,  especially  with  induced  currents. 


60 


CONTRACTILE  AND  IRRITABLE  TISSUES. 


When  a  constant  current  passes  from  metallic  electrodes  into 
animal  tissue  there  is  a  decomposition  of  the  tissue  fluids  and  a 


Fig.  19. 


Showing  uses  of  the  DuBois-Reymond  key. 


gradual  polarization  of  the  electrodes  which  disturbs  the  results  of 
the  experiment.  To  avoid  this  various  non-polarizable  electrodes 
have  been  de\nsed  (see  Fig.  20).  The  non-polarizable  electrode 
shown  in  Fig.  20,  A,  consists  of  a  glass  tube  {t)  into  which  an 


Fig.  20. 

Z  Z8 


Klectrodes  :  A,  kaolin  electrode  :  z,  zinc  rod  ;  zk,  saturated  Holution  of  ZnSO*  ;  t,  fflass  tube; 
A'  plug  of  plastic  kaolin.  B,  v.  Klelschrs  brush  electrode,  in  which  a  caiuel's-hair  brush  is 
ttulwtituted  for  the  kaolin  plug.  (\  Hand  electrodes,  made  by  pushing  the  common  battery 
wires  through  rubber  tubing— for  insulation— and  binding  together  with  thread. 

amalgamated  zinc  rod  (z)  extends,  immersed  in  a  saturated  solution 
of  zinc  sulphate  (zs).  The  zinc  rod  is  held  in  ])Osition  by  a  piece 
of  rubber  tubing,  and  has  a  binding  screw  at  the  outer  end.  The 
end  of  the  glass  tube  opposite  to  the  zinc  rod  is  provided  with  a 
pencil  of  kaolin  paste  (kaolin  ])owder  with  XaCl  0.6  per  cent.). 
In  FleischUs  electrode  (B)  a  brash  is  used  instead  of  the  kaolin 
pencil.  The  hand  electrodes  (C)  consist  simply  of  platinum  or 
copper  wires  insulated  with  glass  or  rubber. 

3.  METHODS  OF  MODIPYING  THE  CURRENT. 

It  frequently  becomes  necessary  to  change  either  the  direction, 
the  course  or  the  strength  of  the  current. 


METHODS  OF  MODIFYING  THE  CURRENT. 
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Fio.  21. 


1.  To  Change  the  Direction  or  the  Course  of  the  Current. 

— ^For  this  a  PokPs  commutator  is  generally  used  (see  Fig.  21). 
The  two  binding  posts  to  which  the  bridge  is  hinged  may  be 
called  the  "bridge-posts.'^ 
The  battery-wires  should 
be  joined  to  these  posts. 
The  cylindrical  handle 
which  is  used  in  tipping 
the  bridge  to  the  right  or 
the  left  is  of  non-conduct- 
ii^  material.  The  current 
passes  into  the  upright  arm 
of  the  bridge,  thence  into 
the  serai  -  circular  span, 
whence  it  passes  to  the 
mercury  cup  into  which  the  span  dips,  completing  the  circuit 
through  the  cross-bars  when  the  bridge  is  tipped  to  the  left  (posi- 
tion ody  Fig.  22),  or  completing  it  direct  when  the  bridge  is  tipped 
to  the  right  (position  ab).  The  change  from  one  position  to  the 
other  thus  changes  the  direction  of  the  current  beyond  the  com- 
mutator. 

Fig.  22. 


Pohl's  commutator. 


ShowiDg  use  of  Pohl's  commutator. 


If  the  cross-bars  are  removed  the  current  may  be  thrown  at 
will  into  a  circuit  joined  at  ab  or  one  joined  at  cd,  thus  changing 
the  course  of  the  circuit. 

2.  To  Change  the  Strength  of  the  Current. — (a)  The  cur- 
rent may  be  increased  by  the  Combination  of  Celi>;  in  a 
Battery.  If  the  external  resistance  is  high,  m  hich  is  the  case  in 
all  physiological  or  thera|)eutie  uses  of  electricity,  the  cells  com- 
posing the  battery  should  be  joined  in  series. 

(6)  The  Curren't  may  be  Varied  by  Varying  the  Ex- 

C=-^|.    This  may  be  accomplished  by 

joining  a  resistance  box  or  rheostat  in  the  circuit.  There  arc  two 
ways  of  doing  this :  (i)  To  join  the  rheostat  in  the  long  circuit, 
by  which  method  a  removal  of  the  plugs  will  decrease  the  cur- 
rent by  adding  resistance  to  its  passage;  (ii)  to  join  the  rheostat 
in  short-circuit,  by  which  method  a  removal  of  plugs  will  oppose 
an  increased  resistance  to  the  short  circuit,  throwing  more  current 
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into  the  long  circuit.  The  first  method  causes  a  gradual  decrease 
of  the  current  from  a  maximum  to  a  minimum  ;  while  the  second 
and  more  generally  employed  method  causes  a  gradual  increase 
from  zero  to  a  maximum.  The  resistance  box  presents  the  disad- 
vantage that  the  resistance  is  added  or  subtracted  step  by  step. 
Many  physiological  experiments  require  the  current  to  change  by 
infinitesimal  increments.  DuBois-Reymond  contrived  an  instument 
which  accomplishes  this  result,  the  rheocord  (Fig.  23).  The 

Fig.  23. 
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DuBois-ReymoDd's  rheocord. 

DuBois-Reymond  rheocord  diflFers  from  the  rheostat  in  substituting 
for  the  low  resistance  spools  two  parallel  platinum  wires  {ww') 
which  are  connected  by  a  bridge  (6).  As  the  bridge  is  slowly 
moved  from  position  0  to  ix>sitiou  100,  the  resistance  of  the  plati- 
num wires  (li^)  is  as  slowly  added  to  the  short  circuit.  Bringing 

the  bridge  back  to  the  zero 
point  and  removing  the  plug 
which  represents  1^,  one  may 
slowly  slide  the  bridge  up  to 
100  again  adding  another 
ohm,  and  so  on  until  15  or 
201^  have  been  thrown  into 
the  short  circuit. 

(c)  The  Current  MAY  BE 
VARIED  by  leading  oflF  or  de- 
riving any  desired  portion  of 
the  principal  current.  For 
this  purpose  one  may  use  the 
simple  rheocord.  (Fig.  24.) 
When  the  principal  circuit 
is  closed  the  current  passes 
from  the  cell  to  post  A  of  the 
rheocord,  along  the  German 
silver  wire  until  it  reaches 
the  sliding  contact  {s)  when 
two  ways  are  open  to  it :  (i) 
through  the  wire  to  B  and  hack  to  the  ceil,  or  (ii)  through  the 
gjilvanometer  circuit.  The  amount  of  current  which  will  pass 
along  these  two  ways  will  be  rcciproc^illy  proportional  to  the  re- 


Tlu'  Hiinplo  rheocord. 


THE  INDUCTORIUM, 
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sistanoes  offered  by  the  two  circuits.  When  the  sliding  contact 
(«)  is  in  contact  with  B  the  derived  or  galvanometer  current  will 
be  zero,  when  it  is  in  contact  with  A  the  derived  current  >vill  be 
at  its  maximum.  The  principle  involved  in  the  Ludwig  compen- 
sator and  in  the  round  compensator  is  the  same  as  that  utilized  in 
the  simple  rheocord. 

4.  THE  INDUCTORIUM. 

The  induced  current  is  much  usetl  in  this  field  of  experimental 
physiology.    Several  special  forms  of  inductorium  have  been 


Fi(i.  25. 


wmtrived.  That  of  DuBois-Reymond  is  shown  in  Fig.  25. 
Two  binding  posts  connect  directly  with  the  primary  circuit.  By 


Fig.  26. 


M  B 

Plan  of  Nt'cr-*  intrrruptcr. 


connecting  the  battery  to  these  an  induced  current  is  made  every 
time  the  primary  current  is  closed  or  opened.    By  connecting  the 
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Fig.  27. 


battery  wires  at  G  and  A  the  primary  current  is  closed  and 
opened  automatically  through  the  reciprocal  action  on  the  electro- 
magnet B  and  the  elasticity  of 
the  hammer  H.  For  a  clearer 
plan  of  this  mechanism  see 
Fig.  26.  But  this  arrange- 
ment leads  to  "  extra  currents" 
in  the  inductorium  which  mod- 
ify the  induced  current  as 
shown  by  the  full  lines  of  the 
next  diagram.  (Fig.  27.)  Von 
Helmholtz  contrived  an  ar- 


Fio.  28. 
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Capillary  elect  romcter. 


Scheme  of  the  induced  currents.  Pj,  abscissa 
of  the  primary,  and  Soi  of  the  secondary  current ; 
A,  beginning,  and  E,  end  of  the  inducing  current ; 
1,  curve  of  the  primary  current  weakened  by  an 
extra-current ;  3,  where  the  primary  current  Is 
opened  ;  2  and  4,  corresponding  currents  induced 
in  the  secondary  spiral:  P„  height,  t.  e.,  the 
strength  of  the  constant  inducing  current ;  5  and 
7,  the  curve  of  the  inducing  current  when  it  is 
opened  and  closed  through  ifelmholtz's  modifica- 
tion ;  6  and  8,  the  corresponding  currents  induced 
in  the  secondary  circuit 


rangement  by  which  the  influence  of  the 
extra  currents  could  be  suspended  and  the 
"make"  current  equalize  with  the  "break" 
current.  The  connection  g  with  the  screw / 
(Fig.  26)  makes  the  primary  circuit,  draws 
the  hammer  down  until  it  touches /,  which 
short-circuits  a  jK)rtion  of  the  primary  cur- 
rent, weakens  the  magnet,  releases  the 
hammer,  and  again  throws  all  of  the  pri- 
mary current  into  the  long  circuit.  Thus 
the  primary  circuit  is  never  broken,  but 
rapidly  varies  between  its  maximum  and 
minimum  as  shown  at  5  and  7.  (Fig.  27.) 
In  the  meantime  the  induced  current  gives 
practically  equal  make  and  break  shocks 
as  shown  by  the  dotted  lines  6  and  8. 


5.  MEASUEEMENTS  OF  ELECTRICITY. 

The  delicate  galvanometei-s  of  Wiedemann  or  of  Thompson 
are  familiar  to  the  student  through  his  work  in  physics.  These 
instruments  arc  used  in  physiology  to  measure  muscle  and  nerve 
currents. 
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Another  instrument  much  used  in  physiology  is  the  capillar}^  elec- 
trometer,  whose  construction  is  shown  in  Fig.  28.  The  electrometer 
and  the  microscope  are  so  mounted  that  all  required  adjustments 
are  made  by  turning  fine-adjustment  screws.  If  the  two  platinum 
wires  (Pt,  Pt')  are  joined  up  with  non-polarizable  electrodes,  and 
if  these  are  touched  to  portions  of  a  body  which  represent  different 
electric  potential,  the  mercury  will  instantly  move  along  the 
capillary,  the  direction  of  its  motion  indicates  the  direction  of  the 
muscle  or  nerve  current,  and  the  extent  of  the  motion  indicates 
the  strength  of  the  tissue  current. 

6.    METHODS  OF  RECORDING  RESULTS. 

a.  The  Direct  Method. 

This  method  consists  in  the  quick,  inexpensive  and  direct  ob- 
servation of  the  results  of  various  stimuli  with  tabulation  of  the 
observations. 

b.  The  Oraphic  Method. 

This  somewhat  more  elaborate  method  is  so  much  more  satis- 
factory that  it  is  now  universally  used  in  laboratory  experiments. 
The  contraction  of  a  muscle  in  response  to  a  stimulus  lifts  a  lever 
whose  extremity  is  provided  with  a  writing  point.  This  writing 
point  traces  the  movements  of  the  lever  upon  a  moving  surface. 
Various  devices  have  been  employed  to  furnish  the  moving  sur- 
face ;  the  pendulum  myograph,  the  spring  myograph  (Fig.  29) 


Fig.  29. 


and  the  rotating  cylinder.    The  hitter  appliance  has  come  into 
general  use  for  graphically  recording  various  movements  and  has 
5 


66 


CONTRACTILE  AND  IRRITABLE  TISSUES, 


received  the  name  Kymograph  or  wave  writer  (see  Fig.  30).  The 
instrument  figured  is  only  one  of  niunerous  forms.  Some  are 
propelled  by  clock-work,  some  by  st^am  or  electric  motor,  some 

The  form  of  the  recorded  wave  depends 
in  part  upon  the  speed  of  rotation  of  the 
cylinder.  The  height  of  the  wave — 
the  ordinate — depends  solely  on  the 
rise  of  the  lever ;  but  the  outline  of  the 
wave,  especially  its  extent  along  the 
base  line — its  abscissa — depends  upon 
the  relative  speed  of  two  movements : 
(i)  the  rate  of  rotation  of  the  drum ; 
and  (ii)  the  rate  of  movement  of  the 
lever. 

c.  The  Time  Record. 

This  is  frequently  necessary.  In 
work  upon  the  circulatory  and  respira- 
tory systems  it  is  sufficient  to  have  a 
time  record  in  seconds ;  such  a  record 
can  be  readily  gotten  from  a  contact 
clock  which  beats  seconds,  joined  in 
circuit  with  a  time-marker  or  chron- 
ograph. In  muscular-nerve  physiol- 
ogy it  is  necessary  to  record  the  time 
in  shorter  intervals. 
The  TuNiX(i  Fork  (Fig.  31),  whose  vibrations  are  maintained 
by  an  electric  current,  is  usually  used  for  this  purpose.  Vibra- 


FiG.  31. 


The  tuDing-fork  as  an  iDterrupter, 


tions  numbering  50  to  200  per  second  may  be  recorded  upon  a 
moving  surface  by  the  Diprez  sk/nal  (Fig.  32),  which  is  joined  in 
circuit  with  the  tuning  fork. 


by  weight  and  pulley. 
Fig.  30. 


The  kymograph. 


ANATOMICAL  INTRODUCTION. 
Fio.  32. 
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The  I>epre2  8ignal. 


B.  ANATOMICAL  XNTRODUGTION. 

1.   THE  STBUCTUBE  OF  MUSCLE. 

The  unit  of  structure  of  muscular  tissue  is  the  miu^vle-cell  or 
inuHcle'liber.  The  muscle-cell  is  a  multinuclear  cell  of  prodigious 
j»ize,  some  of  them  reaching  a  length  of  12  cm.  (Felix,  quoted  by 
Biedemian  in  Eledro-PhyHwloyy),  while  they  have  a  diameter  rang- 
ing from  0.013  to  0.019  mm.,  making  them  easily  visible  to  the 
unaided  eye  as  fine  threads.  If  one  examine  a  muscle  he  will 
find  it  to  be  enclosed  in  a  sheath  of  glistening  connective  tissue — 
rpimyHium — and  to  be  readily  divisible 
into  prismatic  bundles  or  muscular  fas- 
ciculi, each  of  w  Inch  is  in  turn  surrounded 
by  a  conne(*tive  tissue  sheath,  the  peri- 
mymum.  The  accompanying  figure  (Fig. 
33)  shows  a  cross-section  of  a  fasciculus 
the  i)erimysium  not  being  depicted.  The 
fasciculus  is  in  turn  comjwsed  of  muscle- 
fibers  or  muscle-cells,  the  spacers  between 
which  are  occupied  by  delicjite  connective 
tissue^  the  endomyHinm.  Note  the  dark 
?»pi>ts  in  the  periphery  of  the  fibers.  Cro^s-noction  of  a  fa^^^  of 
These*  arc?  the  nuclei.     Ya\q\\  fiber  or 

cell  is  surrounded  by  a  delicate  cell-wall  (Kolliker)  the  .va/ro- 
Ininm,  shown  in  the  figure  as  a  thin  black  line  surroundinjr  each 
cell.  As  in  the  typical  cell  we  have  the  cytoplasm  divided  into 
two  fiiirly  distinct  substances — spongioplasm  and  cyt<»lynipli — so 
here  we  find  structures  which  must  repn^sent  their  hoiuologues, 
viz.:  Jihrilh:  and  mrcoplaHin,  In  figure  the  sha(le<l  areas 
(areas  of  Cohnheim)  into  which  the  cross-section  of  each  filx^r  is 
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68 


CONTRACTILE  AND  IRRITABLE  TISSUES. 


divided  represents  bundles  of  fibrillae — muscle  columuSy  which  are 
separated  by  the  sarcoplasm. 

The  proportion  of  sarcoplasm  to  fibrillar  substance  may  vary 
enormously,  alike  in  the  muscles  of  diflFerent  animals,  and  in  the 
different  muscles  of  the  same  species.  *  *  "Those  muscle 
fibers  which  serve  the  most  ix?rsistent  or  most  strenuous  action  are 
richest  in  sarcoplasm."  *  *  «  The  great  pectoral  muscle  of 
the  best  fliers  (among  the  birds)  consists  exclusively,  or  almost 
exclusively,  of  plasmic  (rich  in  sarcoplasm)  fibers,  while  in  the 
weak-winged  fowls  it  consists  predominantly  of  aplasmic  (poor  in 
sarcoplasm)  fibers."  *  *  *  «  There  can  be  no  doubt  that  en- 
ergetic chemical  changes  go  on  in  the  sarcoplasm,  as  is  proved  by 
the  frequent  appearance  within  it  of  fat  drops."  *  ♦  *  "All 
indications  favor  the  proposition  that  the  mrcoplasm  furnishes  the 
pabulum  which  nourishes  the  fibrillar  substance  during  its  ac- 
tivity." *  *  *  "If^  then,  it  really  is  the  rdle  of  the  inter- 
fibrillar  plasma  (sarcoplasm)  to  preside  over  the  nutrition  of  the 
contractile  substance,  the  greater  abundance  of  sarcoplasm  in  the 
muscles  which  serves  the  most  strenuous  and  persistent  functions 
is  readily  intelligible. — (Quotations  from  Biederman's  Electro- 
Physiology.) 

Fig.  36. 

Fid.  34. 


Voluntary  inuMcIe,  jior- 
tioiiH  of  two  fibers  showing 
the charat'toristic  transverse 
markings;  the  lighter  band 
is  diviueu  by  the  niw  of 
niinuti'  bi>ads  constituting 
the  intermediate  disk :  a, 
termiuati<»n  of  muscular 
substance  and  uttuchnient  of 
adjoining  fibrous  tis-ue ;  n, 
nuclei  of  muscle-fil»ers, 
(  PlKRSoL. ) 


Wing  muscles  of  an  iDsect. 


The  structure  of  the  fibrilla  has  l)een  a  matter  of  investigation 
for  many  years.    !Many  of  the  points  at  issue  are  still  unsettled. 

Fig.  34  shows  a  view  of  a  human  muscle-fiber  under  rather 
high  magnification.    Note  the  alternating  light  and  dark  bands ; 


THE  STRUCTURE  OF  MUSCLES. 


69 


and  that  the  light  bands  are  subdivided  by  a  fine  dotted  line. 
This  line  is  called  Kraus^n  memhrane  because  it  has  been  thought 
to  be  a  membrane.  The  whole  fiber  is  composed  of  a  great  num- 
ber of  parallel  fibrillse.  Each  fibrilla  is  segmented  and  presents 
the  same  alternating  dark  and  light  segments  shown  by  the  fiber 
as  a  whole.  Furthermore  each  fibrilla  possesses  a  portion  of  the 
"Krause  membrane."  It  must  be  evident  that  the  areas  of 
Cohnheim  represent  cross-sections  of  the  fibrillae. 


Fig.  36. 


Fig.  37. 
A  B 


DtAgnun  of  a  sarcomere.  A,  extended  ;  Bj  contracted. 


Isolated  sarcous  elements. 
A,  side  view  ;  B,  end  view. 


The  most  favorable  material  for  the  study  of  the  finer  structure 
of  the  fibrillae  is  presented  by  the  wing  muscles  of  insects. 
Schaefer's  preparations  shown  in  Fig.  35  give  a  very  good  idea  of 
this  structure.  The  portion  between  two  Krause  membranes  is 
oalle<l  a  sarcomere.  Note  that  in  the  extended  condition  {A)  the 
dark  l>and  has  a  light  line  dividing  it  transversely  ;  this  light  line 
is  called  the  line  or  plane  of  Hensen  (sec  Fig.  36,  Ah).  This 

Fig.  :^8. 


Two  muvular  fibers  from  the  psoas  <>f  a  guinea-itig,  Mhowin^j  the  terraliuition.s  of  the  iii-rvos 
«,  fc,  the  primitive  fibers  with  their  tran.sitioii  into  the  terminal  ]»latfs,  /*,  /'.  Notr  ncurih'mniu 
with  Dttclvi,  rantinuous  with  the  sarcolemnia.    Noto  mich'i  in  muscle.    (  After  Mt  Kk.nduu  k.) 

plane  of  Hensen  disappears  when  the  fibrilla  is  contracted  (sec 
Fig.  36,  Bh\  Ejich  sarcomere^  then  is  occu})ic(l  l)y  dark  and  li^lit 
matter.  The  dark  matter  seems  to  l>e  more  solid  than  the  lijrlit 
matter.    It  is  called  a  sarcous  element.    From  the  figures  given 
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one  cannot  see  just  how  the  matter  of  the  sarcous  element  is  dis- 
posed but  an  end  view  (Fig.  37,  B)  shows  it  to  be  porous  and 
that  the  white  matter  takes  the  form  of  cylindrical  extensions 
which  fill  the  pores.  Halliburton  looks  upon  the  sarcous  element 
as  representing  spongioplasm  and  the  clear  substance  as  represent- 
ing the  hyaloplasm  (cytolymph). 

The  blood  supply  of  the  muscle  is  distributed  as  fine  capillaries 
which  occupy  slices  between  the  fibers  but  never  pierce  the  sar- 

colemma.      The  nerves, 
Fig-  39.  however,  terminate  in  end- 

plates  which  lie  within  the 
sarcolemma  (see  Fig.  38). 
There  are  nerve-endings  in 
the  tendons  also.  These 
nerves  are  sensory  nerves 
and  are  stimulated  by  sud- 
den change  of  tension  upon 
the  tendon.  Fig.  39  shows 
this  as  ^vell  as  the  way  in 
which  the  muscle  fibers  pass 

Nerve  endings  in  tendon.  i^to  tcudon  fibcrS. 


2.   THE  STRUCTURE  OF  NERVES. 

A  nerve-trunk^  such  as  one  finds  in  his  dissections  is  constructed 
as  shown  in  Fig.  40,  with  a  loose  connective  tissue  sheath 


Fi(i.  40. 


Soetlim  of  portion  <if  a  riorve-tniiik  includint;  thr<'o 
liundlrs.  »»r  fiiiiiculi.  siirroimdo<l  by  tlu'  iMTiut'urium 
(;>);  tlu'  t*uiii<uli,  togvtluT  with  tho  blofHi  vessels  and 
adipose  tissue,  are  united  by  tiie  more  j;eneral  epineu- 
riuni  (f)  ;  the  sections  of  the  individual  nerve-fibers  an* 
held  in  j»laee  by  the  endoneuriuiu  ;  fat-cells,  near 
Mhich  are  the  sections  of  blood  vessels.    (After  Pikk- 

SUL.) 


Me«lullated  nerve  fibers.  A 
and  Ji  surface  views  of  sheath 
and  M- h  i  t  e  substanee  of 
Schwann,  C  optical  &ectioD 
showiuK  tibrillated  structure  of 
the  axis-cylinder. 
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(epineurium)  surrounding  and  separating  the  nerve-bundles.  Each 
bundle  is  ensheathed  in  perineurium  which  sends  extensions  of  en- 
doneurium  into  each  bundle.  The  bundles  consist  essentially  of 
a  great  number  of  ner\'e  fibers.  A  medullated  nerve  fiber  (see 
Fig.  41)  is  composed  essentially  of  an  axis-cylinder  surrounded 
by  the  medullary  sheath  or  white  substance  of  Schwann,  which  is 


Fio.  42. 


Fio.  43. 


Azif<-C7lioder,  highly  magDifie<i. 
•hoving  the  flbrilM  ooiiip<iBing  it, 

iN-HAKFEK,  afltT  M.  SCIIULTZE.) 


Section  acroM  five  nerve-fibers.  (Magnified 
IWM)  diameters.) 

The  nerve  was  hardened  in  i>icric  acid  and 
stained  with  picnM-ariuiue.  Tne  radial  stria- 
tion  of  the  medullar}'  sheath  is  very  apparent. 
In  one  fiber  the  rays  are  broken  by  shrinlsage 
of  the  axis-cylinder.  The  fibrils  of  the  axis- 
cylinder  apiiear  tubular.  (iSCHAEFKB.) 


in  turn  enclosed  in  the  primitive  sheath.  The  axis-cylinder  is 
composiKl  in  turn  of  tihrillu?  (see  Fig.  4*2).  The  fibrils  seem  to 
be  separated  by  a  ground  substance  as  shown  by  Schaefcr  (Fi^.  43). 


3.   THE  MUSCLE-NEBVE  PBEPABATION. 

The  general  principles  of  the  physiology  of  contractile  and  irri- 
table tissues  are  universally  demonstrated  with  the  tissues  of  a 
frog.  Various  muscles  and  nerves  are  used  for  these  exiK'rinients 
but  the  one  most  used  is  the  gastrocnemius  nuiscle  with  the  sciatic 
nvrye  which  supplies  it. 

The  accompanying  figure  shows  sufficiently  the  anatomy  of  the 
frog's  leg. 

To  make  a  muscle-nerve  preparation  one  destroys  tho  brain  of 
the  frog  (piths  it)  pins  it  dorsum  upwards  uj)on  a  cork  Ixiard  and 
removc»s  the  skin  from  the  leg,  thigh  and  i)elvic  region.  If  th(» 
small,  glistening  tendon  of  the  bicc]>s  l)e  severed,  where  it  is  in- 
si'rted  upon  the  tibia,  and  the  muscle  dissected  out  and  removed 
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one  will  find  below  where  it  lay  the  large  trunk  of  the  sciatic 
nerve  with  the  accompanying  blood  vessels — sciatic  artery  and 
sciatic  and  femoral  veins.    If  the  urostyle  be  removed  the  sciatic 


Fig.  44. 


Showing  aDatomy  of  the  frog's  leg.        Tentral ;      dorsal  view. 

plexus  will  \yQ  revealed  so  that  by  gently  lifting  the  nerve  with  a 
fine  glass  rod  it  may  be  easily  dissected  out  from  its  spinal  origin 


Fig.  45. 


to  the  gastrocnemius.  The  rest  of  the  dissection  required  to  pro- 
duce the  preparation  as  shown  in  Fig.  45  is  readily  made,  the 
femur  may  be  damfxid  to  a  support  and  the  tendon  attached  to  the 
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lever  of  a  myograph  through  a  hook  or  thread.  (See  Fig.  46.) 
Contraction  of  the  muscle  will  raise  the  lever,  and  the  latter  may 


Fig.  46. 


The  simple  myograph. 


be  made  to  trace  its  movements  graphically  upon  a  rotating  cylin- 
der or  kymograph. 
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THE  PHYSIOLOGY  OF  CONTRACTILE  AND 
IRRITABLE  TISSUES. 

A.  THE  PHTSIOLOOT  OF  HUSGLE  AND  NERVE. 

In  the  following  brief  summary  of  electro-physiology  facts  and 
principles  of  fundamental  importance  only  will  be  presented — 
facts  which  may  be  utilized  in  subsequent  work  in  physiology, 
pharmacology,  electro-diagnosis,  and  electro-therapeutics. 

1.  STIMULI. 

While  one  is  dissecting  out  a  muscle-nerve  preparation  he  is  cer- 
tain to  notice  several  muscular  contractions,  caused  usually  by  the 
severing  of  the  nerve  or  of  some  of  its  branches,  or  by  various 
conditions  present  during  the  preparation.  If  one  mount  the  pre- 
paration in  the  myograph,  letting  the  nerve  rest  upon  the  glass- 
slide,  he  may  further  test  the  effect  of  mechanical  stimuli.  The 
muscle  responds  when  the  nerve  is  severed  ^vith  knife  or  scissors ; 
it  responds  if  it  is  pinched  with  forceps  or  pricked  with  a  needle. 
If  the  muscle  is  exposed  to  the  atmosphere  it  will  begin  after  a 
time  to  contract  rather  spasmodically  when  there  is  no  apparent 
stimulus ;  the  contractions  increase  in  extent  and  frequency  until 
the  muscle  is  practically  tetanized.  What  has  been  taking  place? 
The  dry  atmosphere  has  taken  up  the  water  from  the  tissue  plasma, 
leaving  the  salts  in  concentrated  solution ;  these  salts  may  have 
caused  the  contractions  of  the  muscles.  Apply  a  strong  solution 
of  common  salt  to  the  nerve  of  a  fresh  pre^mration,  and  it  will 
begin,  almost  at  once,  a  series  of  contractions  quite  like  those  de- 
scribed above,  ])roducing  a  "  salt-tetanus."  By  applying  glycerine 
to  a  fresh  nerve  a  similar  result  is  obtained.  Such  stimuli  are 
called  chemical  stimuli. 

If  a  fresh  nerve  he  touched  with  a  hot  wire  a  response  is  elicited 
from  the  muscle.  Tcm])cratures  between  0°  C.  and  100°  C.  do 
not  produce  contractions  of  the  muscle  unlesa  there  is  a  sudden 
change  from  one  of  the  extremes  to  the  other.  Extreme  tempera- 
tures only  are  efficient  stimuli. 

If  while  dissecting  out  a  muscle-nerve  preparation  vdth  a  silver 
probe  and  steel  scissors,  one  touch  the  two  instruments  together 
when  both  are  in  contact  with  the  tissues  of  the  frog,  a  vigorous 
contraction  will  be  observed.  The  conditions  were  such  as  to 
cause  the  passjige  of  an  electric  current  from  one  metal  to  the 
other  through  the  tissues  of  the  frog.  The  tissues  responded  to 
the  stimulus  with  a  contraction.  Mount  the  preparation  and  lay 
the  nerve  across  the  electrodes  of  a  Daniell  cell.    Every  time  the 
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circuit  is  "  made "  with  the  contact  key  the  muscle  contracts ; 
every  time  the  circuit  is  "  broken  "  the  muscle  contracts,  but  it 
does  not  usually  contract  during  the  passage  of  a  current.  These 
stimuli  have  all  been  applied  to  the  nerve  (indirect  stimulation) ; 
one  may  apply  the  same  stimuli  to  the  muscle  itself*  (direct  stim- 
ulation), and  will  elicit  a  response  in  most  cases,  though  it  soon 
becomes  evident  that  the  muscle  is  not  as  sensitive  to  the  various 
stimuli  as  the  nerve  is.  In  the  case  of  the  glycerine  the  muscle 
does  not  respond  at  all.  An  important  law  of  electro-physiology 
may  be  readily  demonstrated  at  this  point.  If  a  curarized  sar- 
torius  muscle  be  ligatured  in  the  middle  tightly  enough  to  sever 
the  muscle  substance  but  leave  the  connective  tissue  intact ;  and 
if  this  muscle  be  fixed  in  the  middle,  leaving  the  two  ends  free 
to  &sten  to  levers,  one  can  stimulate  the  two  segments  of  the 
muscle  and  note  the  effect  of  the  two  j)oles,  anode  and  kathode. 
Xonpolarizable  electrodes  should  be  used  for  this  purpose,  and  one 
should  touch  each  segment  of  the  muscle.  If  one  segment  con- 
tracts on  make  it  is  the  kathode  segment ;  if  only  one  segment 
contracts  on  break  it  is  the  anode  segment.  Reverse  the  current 
with  a  Pohl's  commutator  and  the  same  is  true — the  make  con- 
traction is  kathodic  and  the  break  contraction  anodic.  If  both 
contract  on  making  the  current,  the  kathode  segment  begins  first ; 
if  both  contract  on  break  the  anodic  segment  begins  first.  The 
following  laws  of  electrical  response  may  be  formulated :  Imiv  I. 
The  make  dimidm  w  kathodic  ;  the  break  stimidiut  k  anodic.  Laic 
IL  The  "  make  "  or  kathodic  stimidu^  of  a  current  is  more  irritating 
to  nerve  or  muscle  than  the  "  break  "  or  anodic  stimulus. 

A  question  which  naturally  arises  very  early  in  tlie  study  of 
various  stimuli  is :  Does  the  way  in  which  a  given  stimulus  is 
applied  to  a  nerve  affect  the  resjwnse  which  the  muscle  gives  ?  If 
one  gently  tap  a  nerve  which  is  lying  upon  a  glass  plate  a  slight 
wntraction  of  the  muscle  will  follow.  A  somewhat  harder  tap 
will  cause  a  somewhat  more  vigorous  response,  but  the  maximum 
response  is  soon  elicited.  After  that  any  increase  in  the  strength 
of  the  stimulus  will  not  cause  an  increase  in  the  response.  In  a 
similar  way  a  very  weak  electrical  stimulus  will  cause  a  weak  re- 
sponse, a  stronger  stimulus,  a  stronger  res])onse,  etc.;  but  the 
maximum  response  is  elicited  with  what  is  really  a  very  mild 
stimulus,  l)eyond  this  maximum  response  any  increase  of  stiuiulus 
will  not  elicit  a  greater  res]X)nse. 

Anotlier  way  of  varying  the  stimuli  is  to  vary  the  time  of  a]>- 
plication  or  the  rate  of  change  of  conditions.  One  may  sever  or 
crush  a  nerve  so  slowly  that  the  muscle  will  not  res])oiid.  One 
may  raise  the  temperature  so  slowly  that  the  nerve  may  he  cooked 
without  having  called  forth  a  response,  our  may,  through  the 
*  First  paralyze  the  nerve-end  injurs  of  the  n)as<^le  hv  curarizing  the  fro^f. 
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Fleischl  rheonom,  send  an  electric  current  into  a  nerve  so  slowly 
that  the  muscle  will  not  respond.  The  general  principles  here 
illustrated  may  be  thus  summarized  : 

(a)  There  are  four  kinds  of  stimuli :  (i)  Mechanical ;  (n) 
Chemical ;   (iii)  Thermal ;  (iv)  Electrical. 

(/?)  Whatever  stimulus  be  applied  to  a  specialized  sensitive 
tissue  the  response  is  the  same  in  general  character,  /.  c,  muscle 
always  responds  by  contraction. 

{y)  The  strength  of  the  response  may  vary  with  the  strength 
of  the  stimulus,  but  it  is  not  at  all  proportional  to  the  strength  of 
the  stimulus. 

(o)  A  stimulus  may  be  applied  to  a  nerve  so  slowly  that  there 
is  no  response  on  the  part  of  the  muscle. 

2.  CHANGES  WHICH  TAKE  PLACE  IN  A  MUSCLE  IN  RE- 
SPONSE TO  STIMULI. 

After  having  watched  the  response  of  muscle  tissue  to  the 
stimuli  discussed  in  the  preceding  section  the  following  facts 
must  have  become  evident :  (i)  Muscle-tissue  is  irritable ;  (ii) 
Nerve-tissue  is  irritable ;  (ill)  Muscle-tissue  transmits  a  stimulus 
from  one  part  of  a  muscle  to  another ;  it,  therefore,  possesses  the 
power  of  conductivity  ;  (rv)  Nerve-tissue  possesses  the  power  of 
conductivity ;  (v)  In  response  to  stimulus  a  muscle  changes  its 
form. 

In  the  light  of  the  experiments  and  discussions  which  have 
preceded,  one  may  form  a  general  conception  of  what  takes  place 
in  contractile  and  irritable  tissues  in  response  to  a  stimulus.  (l) 
Some  internal  change  (chemical)  occurs  in  the  nerve  at  the  point 
where  the  stimulus  is  applied ;  this  internal  change  is  the  in- 
visible manifestation  of  the  irritability  of  the  nervous  tissue,  (ii) 
The  internal  change  begun  at  the  i)oint  of  stimulation  is  propa- 
gated along  the  nerve  trunk  ;  indeed,  along  the  axis-cylinders, 
because  the  nerve  loses  its  insulating  sheath  before  it  reaches  its 
final  distribution,  (in)  It  is  transmitted  to  the  individual  muscle- 
fibers  through  the  end-plates  of  the  nerves  which  lie  just  within 
the  sarcolemma  of  each  fiber,  (iv)  It  is  ])ropagated  through  the 
contractile  substance  of  the  fiber,  so  that  all  the  fibers  of  the 
muscle  contract  at  pnictically  the  same  time,  (v)  There  are  in- 
ternal changes  in  the  muscle  and  nerve,  which  accompany  the 
more  (evident  change  of  form  which  takes  place  in  the  muscle. 

These  internal  changes  are  :  Chemical,  thermal  and  electrical, 
as  subsequent  observation  will  demonstrate. 

a.  Change  in  Form. 
1.  Change  in  Length. — In  studying  the  change  in  form 
which  a  muscle  undergoes  incident  to  its  res^wnse  to  a  stimulus  it 


CHANGE  IN  FORM, 


11 


is  customary  to  mount  a  muscle-nerve  preparation  in  a  myograph 
whose  lever  may  trace  ui)on  a  kymograph  any  changes  in  length 
which  the  muscle  may  undergo.  Almost  any  efficient  stimulus 
maybe  used  ;  the  only  requirement  being  that  in  its  application  to 
the  nerve  it  must  be  sudden  in  its  beginning,  instantaneous  in  its 
duration,  and  sudden  in  its  cessation.  It  is  impossible  to  fill 
these  requirements  with  chemical  or  thermal  stimuli ;  but  possible 
to  do  so  with  various  mechanical  and  electrical  stimuli.  It  is  cus- 
tomary to  use  electrical  stimuli.  The  "  break  "  induction  shock  is 
especially  adapted  to  this  purpose. 


Fig.  47. 


Stimulation  record 


Chronogram 

Tndog  of  single  muscular  contraction.    1-2,  latent  j>eriod  ;  2-3,  period  of  contraction  ;  3-4, 
period  of  relaxation  ;  4^,  period  of  clastic  after-effect. 


(a)  As  THE  Result  of  One  Sh(K^k  the  muscle  in  contraction 
will  trace  upon  a  rapidly  moving  surface  such  a  curve  as  is  sho\ra 
in  Fig.  47.  Such  a  tracing  of  a  single  muscular  contraction  re- 
veals certain  important  facts  regarding  the  response  of  a  muscle 
to  a  stimulus,  (i)  On  abscissa  //  (s)  indicates  the  time  of  stimu- 
lation. Note  that  muscle,  whose  lever  was  tracing  abscissa  /,  did 
not  b^n  to  shorten  until  about  of  a  second  had  ela])se<l. 
This  is  called  the  latent  period,  (ri)  The  i>criod  of  contraction 
shows  a  slight  acceleration  at  first,  followed  by  a  period  of  maxi- 
mum rate  of  shortening  (between  a  and  b)  after  which  there  is  a 
retardation  of  the  rate  of  shortening  until  at  3  the  apex  of  the 
carve  is  reached  and  for  an  instant  retains  this  position  of  maxi- 
mum contraction,  (iii)  The  period  of  relaxation  follows  imme- 
diately, but  the  rate  of  relaxation  is  less  rapid  at  the  beginning  of 
this  perio<l  than  toward  the  end.  Note  that  the  period  of  relaxa- 
tion (3 — I)  is  longer  than  the  jwriod  of  contraction,  (iv)  If  the 
muscle  is  moderately  loade<l  and  the  lever  without  a  rest  or  stop 
the  muscle  ^vill  relax  beyond  its  original  position  of  rest ;  that  is, 
the  curve  will  pa.s8  below  the  abscissa,  but  will  instantly  recover 
itself  coming  above  the  abscissa.  This  is  simply  an  after-eflect 
doe  to  the  elasticity  of  the  muscle  and  to  the  general  conditions  to 
which  it  is  subjected. 
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(6)  Suppose  a  muscle  be  given  a  second  Htimidus  before  it  has 
had  time  to  complete  its  response  to  the  first,  what  will  the  result 


Fig.  48. 


Tracing  of  a  double  muscle  curve.  (Foster.) 

be?  Fig.  48  j?hows  the  typical  result  as  traced  by  Foster,  (i) 
Note  that  the  crest  of  the  second  wave  is  higher  than  that  of  the 
first,  (ii)  The  contraction  of  the  second  is  more  rapid  and  its 
relaxation  more  rapid  than  observed  in  the  first  contraction. 

(c)  The  Summation  of  the  Effects  of  Stimuli  is  well  illu- 
strated in  Waller's  figure  (Fig.  49).    With  a  comparatively  slow 


Fig.  49. 
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Summation  of  contractions  :  composition  of  tetanus.    (After  Waller.) 

moving  cylinder  and  stimuli  given  at  tlie  rate  of  ten  per  second 
the  lever  will  dro])  back  nearly  to  the  abscissa,  to  rise  again  with 
another  stimulus.  With  twenty  shocks  per  second  the  lever  re- 
mains nearly  stationary.  With  thirty  shocks  per  minute  the 
lever  traces  a  perfectly  straight  line.  This  is  a  tetanus  of  the 
mus(!le.  Tetanus  is  a  sustained  contraction  of  a  muscle  caused  by 
a  series  of  rapidly  repeated  stimuli.  One  may  voluntarily  bring 
a  muscle  into  a  state  of  sustained  contraction.  Though  one  is 
not  conscious  of  the  process  which  is  going  on  in  the  nerve  and 
nuiscle  he  may  infer  from  the  foregoing  that  during  sustained  con- 
traction there  is  a  series  of  nipidly  repeated  stimuli  passing  from 
the  central  nervous  system  to  the  muscle.  The  greatest  number 
of  voluntary  movements  which  one  (^an  make  in  a  second  is  limited 
to  eight  or  ten.  The  observations  of  Schaefer  and  of  von  Kries 
show    that  the  graphic  record  of  even  the  steadiest  voluntary 
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movement  exhibits  a  tremor"  of  8  to  12  vibrations  per  second 
(Waller). 

Fig.  50. 


Tbe  effect  of  temperature  upon  muspular  contraction.   1,  normal;  2,  cooling;  3,  very  cold. 

(Wallkr.) 

It  is  generally  accepted  that  in  a  sustained  voluntary  contrac- 
tion the  impulse-frequency  is  about  10  per  second.  Involuntary 
contractions  are  slower  in  rhythm  ;  the  heart-beat  represents  not  a 
tetanic  condition  of  the  ventricles  but  a  "long  twitch."  Con- 
clusive evidence  of  this  is  shown  in  the  fact  that  only  one  change 
of  electric  condition  occurs  in  the  heart  muscle  at  each  contraction. 

{d)  The  Form  of  the  Muscle  Curve  is  Modified  by 
THE  Temperature  of  the  Muscle.  When  the  temperature 
is  only  a  little  below  normal  the  latent  period  is  longer,  the  rise 
less  sudden.  When  the  temperature  is  very  low  the  contraction 
and  relaxation  are  both  much  prolonged  and  the  shortening  much 
less  than  normal.    (See  Fig.  50.) 

(f)  If  a  muscle  be  subjected  to  a  series  of  equal  stimxdi  at  short 
infervaf^  (6  to  10  per  sec.)  each  one  of  the  first  10  or  12  contrac- 
tions \yi\l  be  higher  than  the  previous  one,  giving  rise  to  the  so- 
cnlle<l  "  staircase myogram.  This  seems  to  indicate  that  one  re- 
sponse better  fits  the  muscle  for  successive  ones. 

(/)  The  Muscle-Curve  is  Modified  by  Drugs.  Fig.  51 
shows  the  effect  of  venitrin.    Xotice  that  though  the  contraction 


Fig.  51. 


_j  to  See.  ,  fOSec.  |  /o  /t^  ^  to  See. 

KfTett  of  vcratrin  u|»ou  the  myogram.  (Wallkr.) 


U  about  a*i  sudden  as  usual  the  relaxation  is  much  retarded — forty 
seciHids  not  sufficing  to  bring  the  lever  back  to  the  abscissa. 

if/)  The  Musc'LE-Curve  is  Modifihi)  hv  the  Load  which 
the  muscle  must  lift.    A  modenite  load  is  likely  to  act  as  a  supple- 
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mentary  stimulus  to  a  muscle  causing  it  to  contract  more  with  the 
load  than  without  it,  as  the  load  is  increased,  however,  two  modi- 
fications may  be  noted  in  the  myogram  ;  (i)  The  latent  period  is 
longer  because  more  time  is  required  to  generate  sufficient  energy 
to  overcome  the  inertia  of  the  load,  (ii)  As  the  load  increases 
the  curve  becomes  progressively  lower  though  the  actual  work 
done  may  be  greater. 

2.  Ghange  in  the  Transverse  Dimensions  of  the  Muscle. — 
The  volume  of  the  muscle  remaining  practically  the  same  there 
must  be  an  increase  in  the  transverse  dimensions  sufficient  to  com- 
pensate for  the  decrease  in  the  length  of  the  muscle.  This  thick- 
ening of  the  muscle  may  be  recorded  in  two  ways :  (i)  by  resting 
the  muscle  on  a  horizontal  plate  or  within  a  shallow  horizontal 
trough  and  resting  a  tracing  lever  upon  its  upper  surface ;  (ii) 
by  clasping  the  muscle  gently  in  a  forceps-lever  and  transmitting 
the  movement  through  a  pair  of  Marey  tambours. 

.  If  one  places  a  lever  at  each  end  of  a  long  muscle  like  the 
sartorius  it  becomes  at  once  evident  not  only  that  there  is  a  thick- 
ening of  the  muscle  during  contraction,  but  that  the  thickening 
progresses  as  an  undulation  from  one  end  of  the  muscle  to  the 
other  when  the  muscle  is  stimulated  at  one  end.  The  rate  of 
propagation  of  this  wave  has  been  measured  and  is  equal  to  from 
1  to  3  meters  per  second  according  to  the  various  conditions  of  the 
experiment. 

3.  The  Work  Done  by  a  Contracting  Muscle. — ^The  condi- 
tions under  which  most  muscular  contractions  are  studied  as  out- 
lined in  the  foregoing  paragraphs  make  it  easy  to  estimate  the 
work  which  the  contracting  muscle  actually  performs.  Work 
done  equals  the  product  of  the  weight  raised  and  the  height 
through  which  it  is  raised.  (ir=:  ^  x  h.)  If  a  muscle  lift  100 
gms.,  5  mm.  the  work  e(juals  50  gm.-cm.  If  a  strong  muscular 
contraction  fail  to  lift  a  weight  no  work  is  done  though  energy 
has  been  liberated  in  the  muscle.  If  a  loaded  muscle  be  thrown 
into  tetanus  work  is  done  only  when  the  lever  is  raised,  and  not 
during  the  time  when  the  weight  is  sustained.  Energy  is  liber- 
ated, however,  and  the  nmscle  is  fatigued,  but  the  energy  does  not 
take  the  form  of  mechanical  work  in  the  technical  sense  of  that  term. 

The  amount  of  work  which  a  muscle  can  perform  varies  ac- 
cording to  several  factors. 

(a)  WoKK  IS  Modified  by  the  Strength  of  the  Stim- 
ulus. The  weakest  efficient  stimulus  will  cause  a  series  of  con- 
tractions lifting  a  given  weight  through  a  very  short  distance. 
This  minimum  efficient  stimulus  is  also  termed  the  "  stimulus  of 
Ihninal  infemiti/J^  I^et  the  stimulus  be  gradually  increased,  the 
height  of  contraction  will  be  rapidly  increased  to  a  maximum. 
The  stimulus  whose  intensity  is  just  great  enough  to  cause  the 
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maximum  contraction  is  called  the  "stimulus  of  optimum  intensity.^' 
Let  the  stimulus  be  increased  ;  the  contraction  will  not  be  greater,  * 
on  the  other  hand  it  is  likely  to  be  less  because  of  fatigue  from 
over-stimulation. 

(6)  Work  is  Modified  by  the  Interval  of  time  which 
elapses  between  the  stimuli.  The  minimum  interval,  just  short 
of  a  tetanic  contraction,  is  unfavorable  to  the  muscle  because 
there  is  a  rapid  accumulation  within  the  muscle,  of  carbon  diox- 
ide, sarcolactic  acid,  etc.,  which  cause  the  rapid  fatigue  of  the 
muscle.  The  optimum  interval  is  such  that  the  products  of 
katabolism  incident  to  the  liberation  of  energy  may  be  carried 
away  from  the  muscle  by  the  circulation.  There  can  hardly  be  an 
optimum  interval,  then,  for  a  muscle  which  has  been  removed  from 
the  organism.  There  is,  however,  an  interval  most  favorable 
under  the  conditions,  and  that  interval  is  from  1  to  3  or  4  seconds. 

(t)  Work  is  Modified  by  the  Load,  (a)  The  disposition 
of  the  load :  (i)  If  a  weight  is  simply  hung  upon  the  lever  it 
stretches  the  muscle  even  when  the  latter  is  at  rest ;  this  tends  to 
exhaust  the  muscle  somewhat  and  it  cannot  accomplish  so  much 
as  if  "after-loaded."  (ii)  If  the  lever  comes  to  a  rest  at  the  end 
of  the  relaxation  of  the  mu.4cle  there  is  no  stretching  of  the  mus- 
cle between  contractions.  This  is  called  "  after-loading  "  a  mus- 
cle. The  short  period  of  absolute  repose  between  contractions  is 
advantageous  to  the  muscle. 

(^})  The  amount  of  the  load  also  modifies  the  amount  of  the 
work  which  a  muscle  is  able  to  accom^)lish.  A  muscle  aWII  lift 
a  hundred  grammes  as  high  as  it  will  lift  one  gramme,  thus  doing 
one  hundre<l  times  as  much  work  in  one  contraction.  The  total 
work  done  in  a  series  of  contractions  leading  to  fatigue  will  be 
greater  for  medium  (50  gms.  to  100  gms.)  weights  than  for  heavy 
weights  (200  gms.  to  250  gms.)  though  the  work  of  one  contraction 
may  be  two  or  three  times  as  great  in  the  case  of  the  hcavicT  load. 

(c)  WoKK  IS  M<)DIFIp:d  ai,s<)  by  the  Dimensions  of  the 
Rf>tincj  Mrsc^LE.  The  extent  of  a  contraction  varies  with  the 
length  of  the  contracting  fil)ers ;  while  the  strength  of  the  eon- 
traction  varies  with  the  number  of  the  contracting  libers,  /.  c, 
with  the  sectional  area  of  the  muscle.  Both  of  the  work  factors 
(f/  X  A)  are  mo<lified  by  the  two  factors  of  the  muscle  volume  : 
»«ectional  area  (a)  and  length  (/) ;  that  is,  (/  varies  as  (t,  and  h 
varies  as  /,  therefore,  (/  x  A  varies  as  a  x  /  or  IV  varies  as  a  x  /. 

/    b,  Ghemical  Ghanges  which  take  place  in  a  Contracting 

Muscle. 


The  chemical  composition  of  dead  mammalian  muscle  tissue  is 
approximately  as  given  in  the  following  table  : 
6 
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Water   75%— 77.5% 

Solids  25  —22.5 

Nitrogenous  21    — 22 

Proteid  18  —20 

Nitrogenous  metabolites  about  1 

Kreatin,  Xanthin,  etc. 

Non-nitrogenous  about  0.5 —  1 

Carbohydrates   0.5 —  1 

Inosit.'  trace 


Inorganic  (carbonate  and  phosphate  of  K  and  Na)... about  1 

The  difficulty  of  determining  just  what  chemical  changes  take 
place  in  a  living  muscle  incident  to  its  activity  must  be  evident. 
The  only  index  of  these  changes  which  present  methods  make 
possible  is  analysis  of  dead  muscle  that  has  been  at  rest  and  of 
dead  muscle  that  has  been  fatigued  just  before  being  killed. 
Analysis  of  the  gas  consumed  and  given  off  by  a  resting  or  con- 
tracting muscle  also  affords  data.  From  these  various  methods 
it  has  been  conclusively  determined  that  contracting  muscle  pro- 
duces :  (i)  more  carbon  dioxide,  and  (ii)  more  sarcolactic  acid ; 
and  that  it  consumes  :  (i)  more  oxygen,  and  (ii)  more  glycogen. 

In  this  connection  it  is  important  to  note  that  the  muscle  is 
chemically  active  when  it  is  apparently  at  rest.  Muscular  tissue 
is  the  most  important  heat  producing  tissue  of  the  body.  Heat 
production  continues  while  the  muscle  is  quiescent.  This  constant 
heat  production  is  in  part  at  the  exj)ense  of  the  proteids  of  the 
muscle  plasma  (sareoplasm)  as  well  as  of  the  proteids  of  the 
sarcous  elements.  The  katabolism  of  these  nitrogenous  substances 
yields  a  series  of  nitrogenous  katabolites,  among  which  may  be 
enumerated  :  Kreatin,  xanthin,  glycocoll,  ammonium  lactate. 

The  reaction  of  muscle  changes  with  vigorous  activity.  Resting 
muscle  is  faintly  alkaline  or  amphicroic  because  of  the  potassium 
and  sodium  carbonates  and  phosphates  present.  Accumulation  of 
carbonic  and  sarcolactic  acid  in  the  muscle  soon  changes  the  reac- 
tion to  a  distinctly  acid  one. 

The  chemical  changes  which  take  place  in  muscle  will  he 
further  discussed   under  Physiology  of  the  Muscular  System. 

c.  Thermal  Changes  Which  Take  Place  in  Gontracting 

Muscle. 

The  chemical  changes  above  enumerated  are,  in  largest  part, 
oxidations,  leading  to  the  production  of  considerable  quantities  of 
CO.y  Hut  such  clian»z:es  are  always  accompani(Kl  by  the  evolution 
of  heat  not  less  surely  in  muscle  than  in  a  furnace.  Vigorous 
and  continued  contractions  produce  considerable  heat.  One's  im- 
pulse to  b(*  more  active  in  cold  than  in  warm  weather  is  in  re- 
s})onsc  to  the  need  of  the  organism  for  more  heat.  Heat  is 
constantly  liberated  in  muscle  tissue,  but  more  is  liberated  when 
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the  muscle  is  actively  contracting  than  when  at  rest.  This  may 
be  demonstrated  by  the  use  of  thermo-electric  couples,  one  set  of 
winch  may  be  introduced  into  the  gastrocnemius  of  one  side,  the 
other  set  into  the  other  gastrocnemius,  while  the  long  connecting 
circuit  jmsses  to  a  galvanometer.  (See  Fig.  52.)  Any  increase 
in  the  temperature  of  the 

contracting  muscle  is  indi-  Fig.  52. 

Gated  by  a  deflection  of  the 
galvanometer  needle.  This 
arrangement  enables  one  to 
demonstrate  the  liberation 
of  heat  in  contracting  mus- 
cle. The  second  needle 
may  be  placed  in  a  liquid 
whose  temperature  may  be 
raised  or  lowered  to  bring 
the  galvanometer  needle  to 
rest  at  the  zero  position ;  the 
temperature  of  the  liquid 

may  be  determined  by  a  delicate  thermometer.  Multiplication  of 
the  number  of  couples  of  needles  makes  the  apparatus  more  deli- 
cate. Heidenhain  gives  the  rise  of  temperature  for  one  contraction 
of  a  frog's  gastrocnemius  as  0.001  to  0.005  of  a  degree  Centi- 
grade ;  and  Helmholtz  found  a  rise  of  temperature  amounting  to 
0.14^-0.18°  C.  after  two  or  three  minutes  of  tetanization. 


Diagram  of  thermo-electric  couples.  When  both 
couples  have  the  same  temperature  the  galvanometer 
Qceule  remains  at  rest. 


d.  Electrical  Changes  which  Take  Place  in  Muscle. 

In  the  process  of  dissecting  out  a  muscle-nerve  preparation  one 
is  likely  to  drop  the  cut-off  central  end  of  the  sciatic  nerve  upon 
the  gastrocnemius  muscle.  Should  this  occur  a  contraction  of  the 
muscle  is  almost  sure  to  take  place.  Galvani  performed  this  ex- 
periment and  cited  it  as  a  proof  that  electricity  exists  in  animal 
tissues.  Follow  the  line  of  experimentation.  Make  two  ])repara- 
tions^  lay  them  upon  a  glass  plate,  place  the  nerve  of  preparation 
a  upon  the  muscle  of  preparation  h,  so  that  it  shall  touch  two 
well  separated  regions,  but  not  the  intermediate  portion  of  the 
muscle.  The  muscle  of  preparation  a  will  contract  when  the 
contact  is  made,  and  it  will  probably  repi^at  the  contraction  sev- 
eral times  on  subse<juent  contacts.  Stimulate  preparation  b  while 
the  nerve  of  a  lies  u])on  it  in  contact  at  two  points ;  the  muscle 
of  a  contracts  with  every  contrat^tion  of  h,  Tliis  is  called  a  sec- 
omlary  contraction,  and  preparation  a  which  contracts  second- 
arily is  called  a  rheoncopic  pn' pa  rut  ion  or  a  "  phi/sio/of/icai  rhro- 
m/peJ^  What  is  it  in  the  cut-off  nerve  that  causes  a  contraction 
of  it8  muscle  ;  What  is  it  in  a  dissectcd-out  muscle  {b)  that  causes 
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a  contraction  of  a  second  preparation  (a) ;  or  in  the  contractiDg 
muscle  (6)  that  causes  a  contraction  of  the  muscle  whose  nerve 
lies  upon  it  ?  The  stimulus  which  elicits  a  response  from  the 
rheoscopic  preparation  (a)  can  not  be  mechanical.  It  must  be 
chemical,  or  thermal,  or  electrical.  If  electrical,  it  should  be 
detected  through  the  use  of  the  galvanometer  or  electrometer. 
Place  upon  the  center  and  end  of  a  muscle  contracting  from  me- 
chanical stimulus,  non-polarizable  electrodes  which  are  connected 
with  a  galvanometer  or  electrometer  and  a  deflection  of  the  gal- 
vanometer needle  or  a  change  in  position  of  the  mercury  maniscus 
of  the  electrometer  demonstrates  the  presence  of  an  electrical  cur- 
rent or  better  a  difference  of  electrical  potential  of  the  two  regions 
of  the  muscle.  This  difference  of  electrical  potential  was  the 
stimulus  which  caused  the  secondary'  contraction  of  the  rheoscopic 
preparation.  But  the  latter  contracted  also  when  touched  to  the 
resting  muscle.  It  was  once  supposed  (DuBois-Reymond)  that 
the  difference  of  electrical  potential  exists  in  all  muscles  at  rest, 
and  the  terms,  current  of  rest,"  and  current  of  action,"  were 
used,  Hermann  demonstrated,  however,  that  a  resting  muscle 
when  uninjured  has  no  current  and  that  injury  induces  a  current 
in  a  general  way  proportional  to  the  extent  of  the  injurj\  The 
term  "  current  of  rest,"  then  became  misleading  and  was  displaced 
by  the  term,  "  demarcation  eiuTcnt "  or  "  current  of  injury,*' 

It  lia8  been  found  that :  (i)  Normal  Muscle  at  rest  is  iso-eledrie, 
i.  €.j  gives  no  evidence  of  a  difference  of  electric  potential  in  differ- 
ent regions,  (ii)  Local  injury  induces  a  difference  of  potential, 
instantly  indicated  by  the  galvanometer  or  electrometer.  (in) 
Local  ai'tion  induces  a  difference  of  potential,  indicated  by  the 
galvanometer  or  electrometer.  The  current  of  a  galvanic  cell 
passes  from  the  zinc  plate  to  the  copper  plate, — from  the  plate 
where  there  is  cliemical  action  to  the  plate  where  there  is  no  chem- 
ical action.  The  current  of  an  injured  muscle  passes  from  the  in- 
jured portion  to  the  normal  portion,  ?.  from  the  portion  where 
there  is  much  chemical  action  toward  the  portion  where  there  is 
little  cliemical  action. 

The  current  of  action  is,  in  the  same  way,  from  the  portion 
most  active  to  that  least  active. 

lioth  of  these  factors  may  he  at  work  at  the  same  time  ;  ?.  e,,  an 
injured  muscle  may  be  made  to  contract.  The  current  of  injury 
passes  through  the  galvanometer  from  the  normal  to  the  injured 
portion.  The  point  of  injury  is  the  point  of  least  activity,  that  is, 
the  change  from  rest  to  action  will  be  greater  at  the  normal  part. 
Therefore  the  current  of  action  will  pass  through  the  galvanometer 
from  the  injured  to  the  normal.  Thus  stimulation  of  an  injured 
muscle  will  cause  the  needle  to  swing  back  toward  the  opposite 
direction.    This  phenomenon  is  called  the  negative  variation. 
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Fig.  53. 


These  relations  are  representeil  diagrammatically  in  the  accompany- 
ing figure.    (Fig.  53.) 

If  the  electrodes  be  placed  one  upon  the 
base  of  the  ventricle  and  one  upon  the  apex 
of  the  ventricle  of  the  heart  there  will  fol- 
low a  double  variation  with  each  heart  cycle. 
In  the  first  phase  of  the  cycle  the  base  is 
negative  to  the  apex^  in  the  second  phase  of 
the  cycle  the  apex  is  negative  to  the  base, 
thus  leading  to  the  term,  "diphasic  varia- 
tion "  of  the  heart. 

In  this  connection  it  may  be  stated  that 
all  active  tissues  manifest  the  presence  of 
difference  of  potential  in  different  regions. 
For  example,  the  outer  surface  of  the  hand 
is  negative  to  the  inner  surface  ;  the  fundus 
of  a  gland  Ls  negative  to  the  hilus  ;  the  optic 
ner\'e  is  negative  to  the  cornea,  etc. 


KorvMLl 


It\Jured 


Diagram  showing  direc- 
tion of  the  "  current  of  in- 
jury "  (  S— )  and  of  the 
"current  of  action"  (C  ■>■ ). 
Also  the  *'  nomitive  varia- 
tion "of  needle  uuring  action 
of  injured  muscle. 


€.  Fatigue. 

In  response  to  various  stimuli  muscle  tis- 
sue undergoes  changes  in  /or;«,  in  tempera- 
turfy  in  electrical  condition,  all  of  these  forms 
of  energy  being  liberated  through  the  chem- 
ical changes  which  accompany  them.  Mention  has  been  made 
above  of  the  accumulation  in  the  muscle  of  the  products  of  the 
chemical  changes ;  also  of  the  gradual  decrease  in  the  height  of 
successive  contractions  after  the  muscle  has  been  contracting  many 
times.  These  two  phenomena  are  the  distinctive  phenomena  of 
fatigue  and  the  first  is  the  cause  of  the  second.  The  accumulation 
of  the  products  of  chemical  action  is  the  cause  of  the  progressively 
decreasing  power  of  the  muscle. 

The  decreasing  power  of  the  muscle  manifests  itself  by  a  <le- 
creasing  height  of  the  contraction  waves.  Just  at  first  the  waves 
may  increase  in  height,  the  i<f<tir-v<tse  contract  ions  ^  then  there  will 
be  a  greater  or  smaller  number  of  waves  of  nearly  the  same  length  ; 
finally,  after  a  variable  time,  the  waves  begin  to  shorten  up  until 
there  is  no  response  to  the  recurring  stimuli.  Then  the  muscle  is 
said  to  be  fatigued.  The  conformation  of  the  series  of  fatigue 
waves  will  vary  considenibly  with  the  way  in  which  the  load  is 
disposcMl.  Fig.  54,  /,  shows  a  ty]>ieal  fatijrue  tracing  from  an 
"after-loaded''  muscle,  while  //  shows  that  from  a  "loaded" 
muscle.  In  the  latter  the  stretching  during  the  jKTiod  of  rest  ir- 
ritates the  muscle  and  brings  it  finally  into  a  state  of  typi(*al 
tetanus.    The  fatigue  is  postj)one(l  by  taking  an  (»ptinnun  or  at 
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least  advantageous  rate  of  stimulation.  If  the  stimuli  come  in 
too  rapid  succession  fatigue  is  hastened.  If  a  fatigued  muscle  is 
given  a  few  moments  respite  or  rest,  it  recovers  in  part  and  will 
respond  vigorously  to  subsequent  stimulation,  but  tires  very 


Fro.  54. 


Hhowing  the  ctroct  uf  dlHpoi^itiua  of  load  od  the  coDtractiou  of  muHclc  modifying  the  amoun. 

of  work  done. 

quickly  again.  A  muscle  which  is  in  its  normal  situation,  receiv- 
ing the  benefit  of  exchange  of  material  through  the  circulation, 
will  accomplish  much  more  work  before  fatiguing  than  will  be 
the  case  with  an  excised  muscle.  Furthermore,  the  intact  muscle 
will  recover  in  a  short  time,  while  the  excised  muscle  makes  only 
a  moderate  recovery  tlirough  the  removal  of  CO^  by  diffusion. 
Fatigue  is  accompanied  by  a  decrease  of  extensibility  and  elastic- 
ity, in  common  words  a  stiffness. 

/.  Rigor. 

After  the  death  of  a  muscle  it  undergoes  certain  changes  which 
are  similar  to  those  which  take  place  during  fatigue ;  namely,  the 
accumulation  of  CO^,  and  of  sarcolactic  acid.  Accompanying  these 
chemical  changes  there  is  the  "  stiffness  of  death,'' — rigor  morfw, 
— due  to  the  coagulation  of  the  myosin.  If  fresh  muscle  substance 
be  coagulated  by  heat, — .")0°  C.  to  60°  C, — there  will  also  be  a 
formation  of  CO^  and  siircolactic  acid,  accompanied  by  the  "  stiffen- 
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ing  of  heat "  or  rigor  ccdoris.  The  three  processes ;  viz.,  fatigue 
with  the  decrease  of  elasticity,  rigor  mortis  and  rigor  caloris,  are 
closely  related  both  physically  and  chemically. 

3.  THE  RELATION  OF  THE  NERVE  TO  VARIOUS  STIMULI. 

The  living  nerve  in  its  normal  position  in  the  animal  body 
functions  as  a  conductor  of  impulses.  These  impulses  may  arise 
in  the  central  nervous  system  and  be  conducted  to  various  pe- 
ripheral organs ;  or  they  may  arise  in  various  peripheral  (sense) 
organs  and  be  conducted  to  the  central  nervous  system.  In  either 
ca^  the  nerve  neither  adds  to  nor  subtracts  from  the  original  im- 
pulse which  it  receives  but  transmits  it  along  the  course  of  the 
nerve  from  one  end  to  the  other.  Just  how  these  impulses  are 
transmitted  is  unknown.  One  can  follow  the  steps  of  the  chem- 
ical changes  that  are  propagated  along  a  fuse  or  of  the  physical 
changes  that  are  propagated  along  a  wire  conductor  of  electricity, 
but  the  physical  and  chemical  changes  which  are  propagated 
along  the  axis-cylinder  of  a  nerve  are  still  unknown  quantities  as 
to  their  exact  nature.  It  is  generally  accepted  that  they  are  ulti- 
mately chemical  and  that  the  initiatory  chemical  (metabolic) 
changes  are  accompanied  by  electrical  changes,  probably  also  by 
thermal  changes. 

a.  The  Properties  of  Nerve  Trunks. 

The  fundamental  and  essential  property  of  a  nerve  trunk  is 
conductivity.  The  experiments  which  are  described  above  make 
it  evident  that  a  nerve  trunk  is  not  only  a  conductor  of  an  impulse, 
but  that  a  stimulus  in  any  part  of  its  course  may  start  from  that 
point  a  change  which  will  be  propagated  apparently  in  a  perfectly 
normal  way,  to  the  normal  terminus  of  the  nerve  and  there  trans- 
mitted to  the  structures  normally  receiving  impulses  from  the 
nerve.  For  example,  an  injury  or  an  electric  shock  to  the 
sciatic  nerve  sets  into  operation  at  the  point  of  the  stimulus  a 
change  which  is  propagated  to  the  nuiscles  supplied  by  the  nerve, 
and  these  structures  give  the  normal  response  to  the  impulse. 
The  second  property  of  a  nerve  is  irritability  or  excitability. 

b.  Conductivity. 

The  rate  of  projxigation  of  an  impulse  along  a  nerve  may  be 
determined  by  stimulating  a  nerve  near  to  its  muscle,  or  five  or 
six  centimeters  farther  away  from  the  nuiscle.  The  response  to 
the  stimulus  must  be  recorded  upon  a  rapidly  moving  surface, 
such  as  the  spring  myograph  (Fig.  and  the  time  in  hundredths 
of  a  8e(5ond  must  be  recorded  upon  the  same  surface  by  a  tuning 
fork  (Fig.  31),  the  difference  in  time  elapsing  between  stimulus  and 
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response  in  the  two  eases  is  the  time  required  to  traverse  the  five 
or  six  centimeters  of  extra  nerve.  In  this  way  the  rate  of  propa- 
gation or  e^>nduetion  may  be  determined.  This  method  of  experi- 
mentation lias  given  the  following  results  :  Helmholtz  found  the 
rate  of  transmission  in  the  motor  nerves  of  a  frog  to  be  27  m.  per 
sei-rjnd.  The  rate  of  conduction  in  sensorj'  nerves  is  about  35  m. 
I>er  second. 

The  conductivity  of  a  ner\'e  is  decreased  by  low  temperature 
and  increased  by  high  temperature. 

The  conductivity  may  be  destroyed  by  the  direct  application  of 
al<MjIiol  or  ether  to  the  nerve  trunk  while  its  irritability'  ^nll  not 
\)e  much  affected.  "  Carbon  dioxide  may  destroy  the  irritability, 
though  leaving  the  conductivity  unimpaired."  (Lombard.) 

A  Mronfj  crjnjffant  current  decreases  the  condudirity  of  a  nerve  in 
the  refjion  of  the  aiifxle  during  the  jxissaf/e  of  the  current  and  in  the 
region  of  the  kathrxle  after  rnnoral  of  the  current.  This  modifica- 
tion of  conductivity  may  be  called  Imw  III,  of  electrotonus ; 
Ijurs  I,  and  //.  were  given  above. 

c.  Irritability. 

If  a  constant  current  traverse  a  nerve  entering  and  leaving  by 
non-polarizable  electrodes  the  nerve  will  be  thrown  into  a  state 
called  elet'trtptonus.  The  condition  of  electrotonus  is  characterized 
by  a  m<Hlerate  change  in  conductivity,  mentioned  above,  and  a 
profound  change  in  irritability.  The  irritability  of  the  ner\'e  is 
incrcjised  in  the  region  of  the  kathode  and  decreased  in  the  r^on 
of  the  anode.  In  Fig.  05  the  line  .1  B  may  serve  for  both  nerve 
and  abscissii.  The  curve  /-/'  indicates  the  degree  of  irritability  ; 
note  that  the  irritability  is  increased  in  the  region  of  the  kathode 
and  decTcascil  iu  tlie  region  of  the  anode.    It  indicates  also  that 

Fk;.  5o. 


DiKruiu  illnsf rutin;;  rUitrotoinis.  .V.-/'.A'.,  n«ni-p<)larizal»le  ch'Ctnxlcs  ;  An.,  anode;  A7., 
katb<Kli*;  /,/',<rurv«'  illii?«tratliiK  •IrKn-f  of  irritability— dfcn'iist'd  in  the  n»gion  of  the  anode 
and  iucreaNod  in  tlu*  n>Kiiiii      (hi*  kathode. 


the  influence  of  the  two  chM  trodes  decreiises  as  the  distance  from 
the  pole  increases;  and  that  in  the  iutra-])olar  region  there  is  a 
neutral  area  where  the  irritability  is  neither  increase<l  nor  de- 
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crea<<ed.  The  r^on  of  decreased  irritability  in  the  neighborhood 
of  the  anode  is  said  to  be  in  a  condition  of  anelectrotomcs ;  the 
region  of  increased  irritability  in  the  neighborhood  of  the  kathode 
is  said  to  be  in  a  condition  of  katelectrofoniis.  The  change  in 
irritability  manifests  itself  when  a  stimulus  is  applied  to  the  nerve 
in  the  region  of  anelectrotonus  or  of  katelectrotonus.  Arrange 
the  apparatus  as  indicated  in  the  diagram  (Fig.  56).  Through 

Fig.  56." 


Arrangement  of  apparatus  for  demonstrating  electrctonus. 


the  agency  of  commutator  Cone  can  make  either  electrode  the 
kathode  by  reversing  the  current.  Through  commutator  (7  one 
can  throw  the  stimulus  at  m,  the  muscular  end  of  the  ner\"e,  or  at 

the  central  end  of  the  nerve.  Arrange  the  apparatus  so  that  the 
kathode  is  near  the  muscle  as  indicated  in  the  figure.  Before 
"  making  "  the  constant  or  "  polarizing  "  current  stimulate  with 
the  induced  current  at  m  or  c,  using  a  "  break-shock  that  will 
cause  a  moderate  contraction,  /.  e.,  bring  the  secondarj'  coil  just 
inside  the  minimum  limit  of  stimulation.  Turn  on  the  polarizing 
current  after  a  few  moments,  stimulate  at  a«,  in  the  katelectrotonic 
region  ;  the  resi)onse  will  be  noticeably  greater  than  the  normal. 
Stimulate  at  c  in  the  anelectrotonic  region  ;  the  response  will  be 
noticeably  less  than  the  normal.  Reverse  the  directioi)  of  the 
polarizing  current  bringing  the  anode  nearer  to  the  muscle.  The 
region  which  before  was  in  a  condition  of  katelectrotonus  is  now 
in  a  condition  of  anelectrotonus  and  conversely.  Stimulate  in  the 
r^on  m  and  the  resjwnse  will  now  be  less  than  normal  because 
the  irritability  of  the  nerve  has  been  decreased  in  the  n^gion  of 
the  anode,  in  the  region  of  anelectrotonus.  On  the  other  hand 
the  rcspmse  at  c  will  be  greater  than  normal  because  of  the  influ- 
ence of  the  kathode,  inducing  a  state  of  katelectrotonus.  These 
facts  an»  summed  up  in  a  law  of  electrotonus  : 

L#aw  IV.  Tlie  passage  of  a  couKtanf  current  ihrongh  a  nerre 
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modifiem  its  irntahUity,  increasing  it  in  the  region  of  the  kathode 
(state  of  katelectrotonuj?)  and  decreasing  it  in  the  ref/ion  of  the 
anode  (state  of  aucleetrotonus). 

d.  Pfliiger's  Law  of  Contraction. 

If  one  stimulate  the  nerve  of  a  muscle-nerve  preparation, 
and  note  visually  or  gniphically  the  response  which  the  muscle 
gives  he  will  find  that  with  uniform  and  favorable  conditions  the 
prejmration  will  resi>on(l  in  a  uniform  way  to  a  varying  stimulus. 
The  stimulus  should  be  varied  in  two  ways  :  (i)  as  to  direction ; 
(ii)  as  to  strength.  If  the  current  pass  along  the  ner\'e  toward 
the  muscle,  /.  the  kathode  hemg  placeil  nearer  to  the  muscle 
the  current  is  called  a  "  descending  "  one  ;  if  the  anode  is  nearer 
to  the  muscle  the  current  is  called  an    ascending  one. 

To  vary  the  strength  of  the  current  one  should  use  either  a 
simple  rheocord  or  a  DuBois-Reymond  -rheocord,  so  tliat  the 
strength  may  \ye  varied  by  infinitesimal  increments.  Non-polar- 
izable  electrodes  are  preferable,  though  platinum  electrodes  may 
be  use<l  with  good  results.  Choose  lu^althy,  vigorous  frogs ;  pith 
them  two  or  three  hours  l^efore  they  are  to  be  used.  Protect  the 
preparation  against  rapid  drying  by  mounting  it  in  a  moist 
chamber.  With  all  conditions  favorable  the  results  will  be  as 
follows :  A  very-  weak  ascending  current  will  affect  the  muscle 
first,  causing  a  slight  contraction  on  make.  With  a  somewhat 
stronger  current  there  will  be  a  contraction  on  make  of  both, 
ascending  and  descending  currents,  A  further  increase  in  the 
strength  of  current  ^^^ll  call  forth  a  response  on  both  make  and 
break  of  b<tth  ascending  and  descending  current.  As  the  current  is 
gradually  iiuTea"<(Kl  fn)m  this  point  it  will  Ik?  noted  that  the  con- 
tractions are  n(»t  ecfual  in  extent ;  some  are  stronger  and  some  are 
weaker ;  the  weaker  ones  finally  drop  out  and  the  stronger  ones 
increase  in  strength.  These  strong  contractions  occur  on  the  make 
of  the  descending  current  and  on  the  break  of  the  ascending  current. 
The  results  mav  be  thus  tabulated  : 


I>KS(KXI)IX(i.  I  ASCKXDINQ. 


Makk. 


Brkak. 


Weak   Contract.  Itest.  Contract.      |  Rest. 

Medium   C  I  C  i  C  C 

StHMlK   C  j  K  H  C 


It  now  lxic<)mes  necessary  to  account  f(»r  these  results  using  the 
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laws  which  have  been  formulated.  To  that  end  let  us  here  pre- 
sent the  laws  again. 

Law  I.  The  make  stimulus  is  hathwlie ;  the  break  sthmdus  is 
anoftic. 

Law  II.  The  make  or  kathodic  stimulus  of  a  current  is  more  irri- 
tating to  nerve  or  muscle  than  the  break  or  anoflie  stimulus. 

Law  III.  A  strong  constant  current  decreases  the  conductivity  of 
a  nerve  in  the  region  of  tlie  anode  during  the  passogc  of  the  ^current 
and  in  the  ref/ion  of  the  kathode  after  removal  of  the  current,  - 

Law  IV.  The  passage  of  a  constant  current  through  a  nerve  modi- 
fies its  irritability,  increasing  it  in  the  region  of  the  kathode  (state  of 
katelectrotonus)  and  decreasing  it  in  the  region  of  the  anode 
(state  of  anelectrotonus). 

The  results  tabulated  above  may  be  graphically  represented  as 
shown  in  the  accompanying  figure  (Fig.  o7). 

Fio.  57. 

CwmtU  Deeendino  Asunding 


+        -  - 

*^      _"L  jKMtf  _  k  i^-C>- 

Diagnun  thowing  schematit  ally  the  results  of  PflQger's  law  of  contraction.   KMC,  kathodic 
make  contraction  ;  AbC,  antjuic  break  contraction. 

Note  that  with  a  weak  descending  current  there  is  a  kathodic 
make  contraction  "  (KMC) ;  that  with  a  medium  descending  cur- 
rent there  is  l)<)th  an  "anodic  break  contraction"  (ABC)  and  a 
"kathodic  make  contraction'^  (KMC),  The  other  indicated  re- 
sults will  he  found  to  correspond  to  the  table.  Why  is  there  a 
kathodic  make  contraction  only,  with  a  weak  descending  current? 
Becausd  (i)  the  make  contraction  starts  at  the  kathode  (Law  i.) ; 
(il)  there  will  Ik»  a  kathodic  contraction  before  there  is  an  anodic 
contraction  in  accordance  with  law  ii.  These  laws  account  also  for 
the  results  obtained  with  an  ascending  current.  With  a  medium 
current,  kathrnlic  make  contraction  is  in  resixinse  to  law  i.  The 
fact  that  there  is  an  anodic  break  contraction  indicates  that  in  re- 
sponse to  law  II.  the  break  stinuilus  has  become  sufficiently  strong 
to  cause  a  rc»sponse.  The  same  thing  is  true  for  both  ascending 
and  descending  currents.  In  the  case  of  a  strong  descending  cur- 
rent we  get  a  kathodic  make  contraction  in  resj)()nse  to  law  i.  In 
response  to  an  anodic  break  stimulus  there  is  no  contraction  be- 
cause according  to  law  iii.  the  conductivity  is  decix'ased  in  the  re- 
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pon  of  the  kathode  at  the  moment  of  the  break  of  a  strong  current 
At  the  make  of  a  .strong  a^nding  current  there  is  no  response 
though  there  ha.s  been  a  strong  kathodic  stimulus  because  the 
c^Miductivity  of  the  nerve  is  much  decreased  in  the  region  of  the 
anoile  during  the  passage  of  the  strong  current  (I>aw  iii.).  In 
this  ease  the  anodic  break  stimulus  causes  a  contraction  because 
the  region  of  reduced  kathodic  conductivity  is  not  between  the 
stimulated  pf^int  and  the  muscle. 

e.  The  Application  of  the  Laws  of  Electrotonns. 

In  the  application  of  the  laws  of  electrotonus  to  the  problems 
of  electro-<liagnosis  or  electro-therapeutics  there  are  some  compli- 
cating facU>rs  to  consider.  If  the  electrodes  (usually  metallic 
plates  covered  with  chamois  or  sponge  which  is  moistened  when 
in  use)  are  placed  over  the  course  of  a  nerve  the  current  will  dif- 
fuse widely  through  the  tissues  from  the  anode  and  converge 
again  upon  the  kathode  on  leaving  the  tissues  (see  Fig.  58).  Let 


Fig.  58. 


Application  <»f  the  laws  of  electrotonus. 


iV  S'  represent  a  nerve  trunk,  the  current  enters  it  at  a  a  a  a  tra- 
versing it  and  leavinjj:  by  k  k  k.  As  the  current  converges  to- 
ward the  katliode  it  traverses  the  nerve  trunk  again  entering  at 
a'      d'  and  leaving  at  k'  k'  k' , 

Hut  the  point  where  a  current  enters  a  nerve  is  called  the 
aniwle  and  the  point  where  it  leaves  the  kathode.  This  leads  to 
the  diflerentiation  of  four  physiological  poles  while  there  are  only 
two  ])hysieal  p<»les. 

(i)  The  phvsiologieal  anode  under  the  physical  anode;  (a,  a, 
etc.). 
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(ii)  The  physiological  kathode  under  the  physical  anode ; 
(i,  ky  etc.). 

(ill)  The  physiological  anode  under  the  physical  kathode; 
{a'y  a',  etc.). 

(iv)  The  physiological  kathode  under  the  physical  kathode; 
(f,  fy  etc.). 

A  contraction  caused  by  the  influence  of  the  current  at  the 
physiological  kathode  under  the  physical  anode  is  called  an  anodic 
make  contraction  {AMC).  A  contraction  caused  by  the  influ- 
ence of  the  current  at  the  physiological  anode  under  the  physical 
anode  is  called  anodic  break  contraction  (^ABC).  In  a  similar 
way  there  may  be  a  kathodic  make  contraction  (KMC),  and  a 
kadiodic  break  contraction  (KBC). 

It  is  important  to  determine  which  of  these  various  stimuli 
will  be  most  effective.  In  addition  to  the  above  laws  of  electro- 
tonus  one  will  need  to  apply  a  fifth  law. 

Law  v.  The  denser  the  current ,  all  other  things  being  eqnaly  the 
stronger  the  dimuliis.  In  the  figure  note  that  the  current  is  denser 
at  the  physiological  anode  under  the  physical  anode  than  at  the 
physiological  kathode  under  the  physical  anode. 

The  kathodic  make  contraction  is  stronger  than  the  anodic  break 
eontraction. 

(1)  KMC>  ABC. 

This  is  in  accordance  with  laws  i.  and  ii.,  law  v.  not  apply- 
ing here  because  the  density  is  the  same,  providing  the  nerve  is 
equally  near  the  surface  under  the  two  poles.  For  similar 
reasons,  the  anodic  make  contraction  is  stronger  than  the  kathodic 
break  contraction. 

(2)  .A3IC>  KBC. 

If  KMC  is  greater  than  ABC  and  if  AMC  is  greater  than 
KBC  we  may  conclude  that : 

(3)  KMC  +  AMO  ABC  +  KBC  or  the  sum  of 

the  make  stimuli  mu^t  be  greater  than  the  sum  of  the  break  stimuli , 
in  consequence  of  this,  the  contraction  which  occurs  at  make  (in  rc- 
sprmse  to  the  double  stimulus),  is  greater  than  the  contraction  which 
occurs  at  break  (in  resj)onse  to  the  double  stimulus). 

The  amxlic  make  contraction  [AMC)  may  or  may  not  be  stronger 
thaji  the  anodic  break  contraction  {AB(^),  /. 

(4)  AMC>  ABC  or  AMC  <  ABC. 

In  this  ciise  we  have  the  stronger  ellcct  at  the  j)hysiological 
kathode  (Law  i.)  to  offset  the  grejiter  density  oi  the  current  at 
the  physiological  anode  (Law  v.)  one  may  be  stronp:er  than  the 
other,  but  the  difference  is  at  most  slight. 

We  are  now  in  a  position  to  understand  what  will  take  ])laee 
when  the  current  is  progressively  increased  from  weak  to  strong. 
The  results  may  be  thus  tabulated  : 
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Weak  Current  KMC 

Medium  Current  KMC        AMC  ABC 

Strong  Current  KMC        AMC        ABC  KBC 

The  above  table  gives  the  normal  reaction.  If  degeneration 
Aax  made  some  progrejiss  the  weak  current  elicits  the  anodic  inahe  con- 
traction {AMC)  before  it  does  the  kathodic  make  contraction  (KMC), 
an  important  fact  in  electro-diagnosis. 

B.  THE  GENERAL  STRUCTURE  AND  FUNCTION  OF 
THE  NERVOUS  STSTEM.' 

We  have  studied  the  way  in  which  contractile  and  irritable 
tissues  respond  to  certain  external  and  artificial  stimuli.  Before 
we  enter  upon  the  special  physiology  of  the  various  organs  and 
systems  of  organs  it  will  be  profitable  for  us  to  briefly  consider : 
(i)  what  relation  nerv^ous  tissue  bears  to  the  organism  as  a 
wnole  ;  (ii)  whence  come  the  various  stimuli  which  influence  the 
operation  of  the  different  organs  and  tissues  of  the  body ;  (in) 
what  tissues  (besides  contnictile  tissues)  are  influenced  in  their 
activity  by  the  central  nervous  system. 

1.  GENERAL   CONSTRUCTION  OF  THE   NERVOUS  SYSTEM 
AND  ITS  RELATION  TO  THE  ORGANISM  AS  A  WHOLE. 

Though  the  tissue  of  the  nervous  system  is  disposed  in  prom- 
inent structures  which  may  be  called  organs,  e.  g,,  brain^  spinal 
cord,  etc.,  these  structures  are  not  organs  in  the  same  sense  that 
the  lungs  are  organs  belonging  to  the  respiratory  system.  The 
trhofe  nervous  system  is  really  one  organ.  This  organ  is  composed 
of  (i)  a  parenchymal  tissue,  which  is  the  specialized  tissue  of  the 
organ,  endowed  with  a  specializeil  function;  and  (ii)a  supporting 
tissue.  As  in  other  organs,  so  here  the  supporting  tissue  belongs 
to  the  connective  tissue  scries,  the  more  delicate  connective  tissue 
of  the  deei)-lying  ]>ortions  of  the  central  nervous  system  being 
somewliat  si>ecialized  and  called  neuroglia,  while  the  remainder 
re]>resents  the  more  coniniou  forms  of  areolar,  fibrous  and  elastic 
connective  tissues. 

a.  The  Neuron. 

The  j)arenchymous  or  active  tissue  of  the  nervous  system  is 

composed  of  nerve  cells.    The  nerve  cell  is  so  highly  specialized 

^  The  student  is  not  in  a  position  to  oompreliend  tlie  way  in  which  the  yarious 
systems  of  organs  and  tissues  (eirenlatorv  system,  res])initory  system,  digestive 
system,  etc. )  are  jrovenie<l ;  h<»w  tiiey  are  influenced  by  outside  conditions,  and 
iiow  one  system  exerts  an  intiuonee  upon  another,  unless  he  has  at  least  a  general 
idea  of  the  ('(mstruotion  of  the  nervous  system  and  the  functions  of  its  various 
strnctures.  Jt  is  the  «)hji'ct  of  this  section  to  give  a  brief  outline  of  the  most  essen- 
tial features  of  the  nervous  system. 
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a  structure  that  it  has  received  the  special  name  Neuron.  The 
neiu^on  is  the  unit  of  structure  of  the  nervous  system.  A  neuron 
(see  Fig.  59)  consists  of  a  neural  cell-body  with  all  of  its  processes. 

The  protoplasm  of  the  cell  body  presents  a  delicate  fibrillated 
structure.  The  fibrillse  seem  to  be  continuous  with  those  which 
constitute  the  one  or  two  axis-cylinders  which  are  among  the  cell 
processes.  Besides  the  fibrils,  the  cell  protoplasm  is  more  or  less 
charged  with  fine  dark  granules,  which  are  important  in  the  metab- 
olism of  the  cell,  increasing  during  periods  of  rest  and  decreasing 
during  periods  of  activity.  Occupying  a  fairly  central  position  in 
the  cell-body  is  a  relatively  large  nucleus,  with  a  distinct  nucleolus 
(plasmosome). 

The  cell-processes  are  numerous  and  complex.  As  to  struc- 
ture they  may  be  arranged  in  two  classes :  (i)  The  protoplasmic 
process, — short  and  much  branched,  their  tree-like  appearance 
giving  them  the  name  Dendrites,  (ii)  The  axis-cylinder  process, 
which  is  usually  much  elongated,  little  branched  near  the  cell- 
body  and  usually  insulated  in  a  medullary  sheath.  As  to  function, 
cell-processes  either  bring  impulses  to  the  cell-body  or  they  carry 
impulses  away  from  it.  Those  which  bring  impulses  to  the  cell- 
body  are  called  afferent  cell-processes  and  those  which  carr}^  im- 
pulses away  are  called  efferent  processes.  The  protoplasmic  proc- 
esses are  without  exception  afferent. 

If  a  cell  has  only  one  axis-cylinder  it  is  without  exception 
efferent.  If  it  has  two,  one  of  them  is  afferent  and  one  efferent. 
These  facts  readily  lead  to  confusion  in  the  use  of  terms.  To 
avoid  this  confusion  the  best  authorities  are  now  adopting  a  new 
term  to  represent  the  efferent  process — the  term  Neuraxox  or 
Neurite,  or  Aj^on.  As  now  understood  the  term  dendrite  altrays 
refers  to  an  afferent  proee^s.  All  nenrajcons  are  axis-cylinda's 
drueturally.  ^lost  dentrites  are  protoplasmic  processes,  but  some 
(the  sensory  nerves)  have  become  modified  into  axis-cylinders. 

b.  Features  of  the  Spinal  Cord. 

The  nerve  trunks  with  which  one  deals  in  the  experiments  in 
nuLscle-nerve  physiology  are  really  bundles  of  insulated  neurax- 
(»ns.  They  normally  Qwvvy  motor  impulses  to  the  muscles  from 
the  cell-lKKly  which  tliey  represent.  But  where  is  this  cell-body 
located  ?  If  one  follow  the  nerve  trunk  he  will  find  that  just  before 
reaching  the  central  system  it  divides  into  two  roots,  an  anterior 
(or  ventral)  root  and  a  posterior  (or  dorsal)  root.  If  the  anterior 
root  be  stimulated  one  will  observe  the  Siune  response  as  if  the 
trunk  had  been  stimulated  in  the  same  way  nearer  to  the  muscle. 
If  the  posterior  root  be  stimulated  no  such  response  will  be  ob- 
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serx-ed.*  One  is  justified  in  inferring  that  the  neuraxons  which 
he  is  tracing  left  the  spinal  cord  by  the  anterior  roots.  A  trans- 
verse section  of  the  spinal  cord  should  show  the  large  cell-lxKiies 
in  the  anterior  gray  horn  (see  Fig.  60).    Xotc  their  numerous 


Fig.  60. 


Ra 


Half  of  a  section  through  the  lumbar  cord.  Ra,  anterior  root ;  Jtp,  iiosterior  root ;  Rip,  inner 
portion  of  the  |>o9teri<ir  root ;  <'«,  ijoslcrior  eomniiiMure ;  <^in,  anterior  conimis.<(urf  ;  Co,  central 
f-anal.  The  fine  net-work  of  medullary  fibers  in  the  gray  matter  and  the  net-work  of  nieduUarv 
fasciculi  iu  the  otherwise  grav  i>o»tcrior  commissure  are  not  shown.  Afjh,  anterior  grav  horn*; 
/^A,  iio»terii>r  gray  horn.    ((Idinher  after  Dkiteks.) 

branches.  In  a  few  cases  the  neuraxons  may  be  traced  into  the 
nerve  bundles  which  make  uj)  the  anterior  root.  From  the  ac- 
companying diiigram  note  that  the  motor  neuron  in  question  is  in 
communication — through  its  dendrites  :  (i)  with  motor  neurons 
fn)m  the  brain  and  (ii)  with  seusory  neurous.    (See  Fig.  Gl.) 

The  motor  neuron  normally  sends  a  motor  im])ulse  to  the 
mu.scle  which  it  supplies,  only  when  it  receives  au  impulse  through 
it-*  dendrites.  From  the  connection  which  it  has  it  is  evident  that 
it  may  receive  such  an  im])uls(»  from  one  or  the  other  of  two 
sources:  (i)  from  the  brain;  (ii)  from  the  sensory  system  of 
ner\'cs.  If  the  motor  impulse  originates  in  the  brain  it  is  sent 
tlmmgh  the  central  motor  neuron  to  the  peripheral  motor  neuron, 
thence  through  it  to  the  muscle.    Two  neurons,  two  cells,  are  rc»- 

'  There  may  l>e  a  general  response,  tlie  nature  of  which  will  \m  explaiiunl  later  ; 
Imt  there  will  be  no  definite  responsje  of  the  particular  niU!>cU^<  supplied  by  the 
motor  nerve  in  question. 
7 
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Si-honiatic  ri'pn"«outati«»ii  of  tin-  courHt;  of  tlit'  tilM-rs  in  the  spinal  cord.  (Whitakkr,) 
I.  f/i>  Motor  Trart.  n.  <  ♦Mitral  iHMiroij :  I.atmil  p>  raiiudui  tracts /*</')  and  anterior  pjraiii- 
i<lal  tra<>t  (I'l/n):  ttTiiiiiial  arlMiri/atimi  in  ttic  anterior  horn.  //.  Peripheral  netiron  :  aD- 
terior  li(»rn  irlb— anterior  root  (r.  f/ J— njotur  niTvi' nuiM-U'.  II.  Thr  Senvtry  Tract,  a.  Periph- 
eral nniron  :  s<.'n>ory  nerve  \n.  //).  spinal  ganglion  (.syi)— p«>s!erior  root  (r.  p)  of  the  spinal 
e«>nl.  In  the  posterior  root  /one  of  the  fMoterior  eolunins  each  fiber  dlTldea  into  an 
a.'*cen«linj;  ami  a  ileseen«ling  branch  ( >hort  and  lonj?  IjImts).  The  short  tractfl  curve  into  the 
IK)>terior  horn  as  :  i.  Itetlev  ■  oll:iteral>  to  the  anterior  horn,  shorter  reflex  arc,  longer  reflex 
tract- (intereahition  of  another  nenron ).  _'.  l-'iln-rs  to  the  cells  of  the  middle  «ono  of  the 
nr.iy  snh«.tan«.i'.  1  ilwr- t«i  tin- rell>  of  (  larkc'-  t  olunnis  (ct.  4.  FilH»n«  to  the  central  and 
esiKxiallv  the  medial  anterior  horn  eells  i  coninii-sural  cells.,  .'i.  FilMTs  to  the  potiterior  horn 
cells.    The  long  tract-  (T.)  pa—  fir-t  into  Uunhu  h's  column,  higher  aNo  into  GoU't  column,  and 
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tha«  to  the  nuclei  of  the  posterior  columns  in  the  medulla.  (Here  they  Join  the  fillet)  b. 
Cratnl  nenroo.  It  b^ns  with  the  cells  of  the  terminal  places  of  the  peripheral,  enumer- 
ated under  2  to  6.  1.  From  those  which  have  been  enumerated  under  2  as  ^'column  cells" 
arise  the  flbers  of  the  anterior  ground  bundle  of  the  same  side  {/at)  Iji)  and  the  columns 
of  Gowers  {O}.  2.  From  those  mentioned  under  3:  the  lateral  cerebellar  tract  of  the  same 
side  ( Cb),  3.  From  those  under  4 :  fibers  which  cross  in  the  anterior  commissure  to  the  anterior 
lateral  column  (feU)  (j/t)  to  ascend  in  the  other  side.  4.  From  thc^e  under  5 :  fibers  to  the  lat- 
eral limiting  layer  (yi)  and  to  the  ventral  field  of  the  posterior  columns.  In  addition  to  this  is 
represented  the  manner  in  which  the  collaterals  arc  given  ofi*  and  the  termination  of  the  cen- 
tral short  tracts  (which  quickly  bend  again  into  the  gray  substance)  of  the  anterior  lateral  col- 
umns, the  ** inland  cells"  (Golgi)  in  the  posterior  horn;  the  decussation  in  the  posterior 
eommJapure  ia  not  clear.  There  are  contained  in  the  posterior  roots  apparently  other  individual 
ibers  which  have  their  neuron  cells  in  the  anterior  horn,  but  in  man  this  is  not  yet  satisfac- 
torily established. 

quired  to  transmit  an  impulse  from  the  brain  to  the  peripheral 
organs.  This  holds  good  for  secreting  and  excreting  organs  as 
well  as  for  motor  organs.  But  the  ixjripheral  motor  neuron  may 
be  influenced  by  sensory  neurons,  by  neurons  which  bring  impulses 
to  the  central  nervous  system  from  the  skin  and  various  sensitive 
organs  of  the  periphery.  Note  in  the  diagram  that  these  peripheral 
sensory  neurons  (sensory  neurons  of  the  first  order)  enter  the  spinal 
cord  by  the  posterior  root,  and  that  they  communicate  (i)  either 
directly  or  indirectly  with  a  motor  neuron  ;  (ii)  either  directly  or 
indirectly  with  the  brain.  Note  that  a  spinal  ganglion  {Sp)  is 
located  upon  the  posterior  root.  This  ganglion  of  the  posterior 
root  is  the  location  of  the  cell-lx)dies  of  the  peripheral  sensory 
neurons.  From  the  peripheral  sense  organ  to  the  cell-body  in  ques- 
tion the  impulse  is  conducted  along  an  aflTerent  axis-cylinder 
which  is  a  modified  dendrite.  From  the  cell-body  the  impulse  is 
conducted  into  the  spinal  cord  along  an  efferent  axis-cylinder  or 
neuraxon.  This  neuraxon  sends  off  collateral  branches  which 
communicate  directly  with  peripheral  motor  neurons,  of  the  same 
segment,  or  indirectly  with  motor  neurons  of  neighlx)ring  segments 
of  the  cortl,  or  finally  directly  or  indirectly  with  the  brain  through 
a  I'entral  sensory  neuron  (or  neuron  of  tlw  second  order). 

2.  QENEBAL  FUNCTIONS  OF  THE  NEBVOUS  SYSTEM. 
a.  Reflex  Action. 

A  careful  study  of  these  relations  between  the  sensory  and 
motor  neurons  makes  it  evident  that  the  activity  of  any  peripheral 
motor  (or  glandular)  organ  may  be  influenced  in  one  or  the  other 
of  two  ways :  (i)  through  the  direct  influence  of  impulses  enter- 
ing the  cc^ntnil  system  by  the  sensory  neurons  of  the  same  (or 
neighboring)  segment  which  furnishes  the  motor  nerve  supply  ; 
or  (II)  through  the  influence  of  the  brain.  The  first  method  of 
influencing  the  activity  of  an  organ  is  called  reflex.  Note  tliat 
reflex  action  involves  typically  two  neurons  :  the  peripheral  sensory 
neuron  and  the  peripheral  motor  neiii-on.  Reflex  nsponse  \n  a 
stimulus,  as  when  one  jerks  his  hand  from  a  h<»t  object,  is  accom- 
plished in  the  following  manner :  (i)  The  sensory  nerve  endings 
in  the  skin  are  stimulated  by  the  hot  object  ;  (ii)  Tlic  stiiniilus 
starts  a  message  or  impulse  along  the  afferent  nerve  to  the  <*ell- 
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body  in  the  iwsterior  root  ganglion ;  (iii)  The  cell  receives  the 
impulse  and  transmits  it  along  the  efferent  neuraxon  to  neighbor- 
ing motor  neurons  (and  to  the  brain) ;  (iv)  The  motor  neurons 
respond  to  this  stimulus  by  causing  in  certain  muscles  of  the  arm 
the  contractions  necessary  to  remove  the  hand  from  the  jiainful 
object. 

b.  Voluntary  Action. 

In  the  meantime  the  sensory  impulse  has  been  transmitted  to 
the  brain  and  the  individual  becomes  conscious  not  only  that  his 
hand  has  suffered  an  injury  but  that  a  reflex  act  has  occurred 
through  which  the  hand  has  been  removed  from  the  immediate 
danger.  The  consciousness  of  injury  aroused  in  the  brain  may  be 
the  stimulus  to  further  acts  on  the  part  of  the  organism  toward 
further  protection  or  toward  repair  of  injury  already  done.  These 
secondary  and  conscious  acts  of  adaptation  cannot  be  classifled  as 
reflex ;  they  are  voluntary-  acts,  suggested  by  the  brain,  which  in 
turn  is  actuated  by  the  stimulus  described  above,  possibly  also  by 
visual  and  other  supplementary  stimuli. 

c.  Nerve  Centers. 

1.  Centers  in  the  Spinal  Cord. — In  describing  reflex  action 
each  segment  of  the  cord  has  been  described  as  a  center  toward 
which  afferent  impulses  clonic,  and  from  which  efferent  res]X)nsive 
impulses  are  sent  out.  Each  segment  of  the  spinal  cord  is  thus  a 
motor  center  for  a  limited  number  of  muscles.  But  there  are  other 
centers  in  the  spinal  cord.  There  are  centers  which  preside  over : 
(i)  the  nutrition  of  tissues :  /.  c,  trophic  centers  to  muscles, 
nerves,  bones,  joints  ;  (ii)  walls  of  blood  vessels;  /.  e.,  vaso-dih- 
tors  ;  (III)  secretion  of  skin — sweat  centers  ;  (iv)  centers  connected 
with  micturition,  erection  of  the  penis,  parturition,  and  def edition. 

The  motor,  trophic,  and  vaso-dilator  centers  are  distributed  along 
the  whole  extent  of  the  spinal  cord;  but  the  centers  enumerated  un- 
der (iv)  are  probably  located  in  the  lumbar  enlargement  of  the  c^rd. 

2.  Centers  in  the  Medulla  Oblongata. — In  the  spinal  bulb, 
or  medulla  oblongata,  there  are  numerous  reflex  centers,  whose 
action  will  bo  discussed  later : 

(i)  Respiratory  ;  (\i)Vasomotor  ;  (ill)  Cardiac  centers;  (iv)  also 
centers  for  cou(jhin(j,  sneezinr/,  ma.^tication,  deglutition,  vomiting, 
eoordinatimj,  convulsor,  closure  of  eyes,  dilcdion  of  pupil,  mlivary, 
sudorific,  diabetic,  etc.  Most  of  these  centers  are  located  in  the 
floor  of  the  fourth  ventricle. 

3.  Nerve  Centers  in  the  Brain. — {a)  The  Cerebellum  con- 
tains the  following  centers  :  (i)  Centers  for  the  coordination  of 
morement^s  ;  (ll)  J'Jnwtionaf  Centers;  (ill)  Centers  for  Muscle  Tonus, 

{/))  TiiECEUEinu  M  contains  the  following  centers:  (i)  Smell; 
(II)  Taste  ;  (in)  Hearing ;  (iv)  Vision ;  (v)  Speech  ;  (vi)  Various 
motor  centers ;  (vii)  Thermogenic  centers. 
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NUTRITION. 

INTRODUCTION. 

The  ^»neral  term  Xttfrifion  \>  applied  in  Pliysiolojz:y  to  all  of 
those  activities,  coll(»etively  taken,  which  arc  involved  in  snpplyin^ 
the  cells  of  the  hody  with  food,  in  hnildin^  this  food  np  into  cell 
.substance,  in  liberatinji^  the  energy  from  it  l)y  kataholie  processes 
and  ill  n<lcling  the  body  of  the  waste  material,  which  rcsnlts  from 
those  processes. 
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A  general  idea  of  the  activities  and  organs  involved  in  nutri- 
tion may  be  gained  from  the  following  table  : 


Activities. 


Organs  or  Tissueh. 


Perception. 

Prfhension. 

Preparation. 

MagticatioH. 

Deglutition. 

DIGESTION. 

ABSORPTION. 

CIRCULATION. 

Selection. 


10.  METABOLISM. 


11. 
12. 


-I 


RESPIRATION 


Rejection  of  waste 
[Circulation  (c)] 

EXCRETION.  i 


14.  EGI'^JTION. 


( 


I.  ANABOLISM. 

II.  KATAB0LI8M. 

I.  External  R. 
[Circulation  (fc)] 

II.  Internal  R. 
products  from  th^ 

I.  Renal  

II.  Pulmonary  .... 

III.  Cutaneous  

IV.  Hepatic  

1.  Micturition  .... 

2.  Expiration  

3.  Perspiration  

4.  Defecation  


OrganH  of  the  Special  Senses. 
Hands,  Teeth,  etc. 
Hands,  etc. 
Teeth. 

Invol.  Muscles  of  Pharynx  and  (Esophagus. 
Secretory  Apparatus :  (lastric  Glands,  Lirer, 

Pandreas,  Intestinal  Glands. 
Epithelium  of  Alimentary  Canal. 
Blood  and  Lymph  Circulatory  Systems. 
Individual  Cell.H  of  the  body. 
Individual  Cells  of  the  body. 

Individual  Cells  of  the  body. 

Lungs,  Air  Passages,  Muscles  of  Respiration. 


Individual  Cells  of  the  Body. 
Cells  of  the  body. 

Kidneys. 
Lungs. 

Sweat-glandm. 
Liver. 

Bladder,  etc. 
Air  passages. 
Skin. 
Rectum. 


To  illustrate  the  table  we  may  folio wthe  steps  of  a  cat's  nutrition  : 
(i)  Through  the  organs  of  scent  and  sight  she  perceives  her 
prey,  (ii)  With  claws  and  teeth  the  prehension  or  catching  is 
accomplished,  (iii)  The  preparation  is  in  this  case  a  simple  kill- 
ing, but  man  prei)arcs  his  food  usually  by  cooking,  (iv)  She 
ma^tienien  it;  (V)  swallows  it;  (vi)  digests  it.  (vil)  The  di- 
gested jwrtion  is  ah^orhcd ;  j)asses  through  the  circulation,  (viii) 
to  the  cells  of  the  body,  where  each  cell  selects  (ix)  an  appropri- 
ate part,  which  it  builds  uj)  (x')  into  cell  substance.  After  a  time 
the  cell  ])n>toplasm  is  broken  down  (x")  incidental  to  the  func- 
tional activity  of  the  cell  ;  the  balance  of  chemical  affinity  is  im- 
mediately restored  by  the  introduction  into  the  cell  of  the  oxygen 
(xi")  which  has  been  brought  from  the  fungs  (xi')  by  the 
ritTii/aforj/  system.  The  j)roducts  of  katabolism  are  promptly  re- 
jecfetl  (XII)  from  the  cell,  carried  to  the  perij)hery  by  the  circula- 
tion where  they  are  excreted  (xiii)  by  the  proper  organs  and 
finally  ejected  (xiv)  from  the  body. 

After  a  moment's  reflection  it  will  Ik?  seen  that — either  directly 
or  indirectly — evet\i/  organ  and  evertf  function  of  the  organism  is 
brought  into  acHon  in  nutrition,  except  those  of  reproduction. 
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Inasmuch  as  the  circulatory  system  is  variously  and  repeatedly 
involved  in  nutrition  it  will  be  more  advantageous  to  treat  that 
first  than  to  interrupt  the  course  of  the  discussion  after  the  subject 
of  digestion  is  opened.  Respiration  being  a  collateral  branch  of 
nutrition,  a  similar  course  may  profitably  be  pursued  regarding  it. 
With  an  understanding  of  the  circulation  and  respiration  at  com- 
mand we  may  enter  upon  the  uninterrupted  discussion  of  digestion; 
abeiorption  ;  metabolism ;  and  excretion. 


CHAPTER  III. 


CIRCULATION :  INTRODUCTION. 

A.   THE  COMPARATIVE  PHYSIOLOGY  OF  THE  CIRCULATION. 

1.  THE  CIRCULATING  FLUIDS. 

2.  THE  ORGANS  WHICH  CAUSE  THE  CIRCULATION. 

B.   ANATOMICAL  INTRODUCTION. 

1.  THE  BLOOD-VASCULAR  SYSTEM. 

2.  THE  LYMPHATIC  SYSTEM. 

3.  THE  SPLEEN. 

4.  IIISTOGEN?:SIS  OF  THE  CIRCULATORY  ORGANS  AND  TISSUES. 

C.   PHYSICAL  INTRODUCTION. 

1.  THE  FLOW  OF  LIQUIDS  THROUGH  TUBES. 

2.  MANOMETERS. 

D.   HISTORICAL  INTRODUCTION. 

INTRODUCTION. 

As  soon  as  an  animal  attains  to  the  dignity  of  an  individual  of 
the  third  order  (See  Individualiaition  of  Living  Matter,  Gen. 
Phy.siol.,  Part  I.) ;  /.  e.,  as  soon  as  it  has  more  than  an  ectoderm 
and  entoderm  the  necessity  arises  of  conveying  to  the  middle  layer 
or  mesoblast  the  nourishment  obtained  frc^m  the  environment  by 
the  layers  which  lie  in  immediate  contact  with  the  environment 
And  thus  the  (circulatory  system  is  born  of  necessity.  It  is  a 
system  of  tubes  taking  uj)  fluid  or  gaseous  food  from  the  hyjx>- 
blast  and  conveying  it  to  all  parts  of  the  body.  This  system  of 
tubes,  filled  with  a  fluid  kc])t  in  circulation  through  the  agency  of 
the  heart,  has  fine  niniifications  in  all  parts  of  the  body,  and 
serves  not  alone  to  carry  nourishment,  but  also  to  remove  the 
waste  material  from  the  active  cells.  Further,  the  blood  serves  as 
a  distributor  of  warmth  and  moisture  in  the  body. 

.1.   THE  COMPARATIVE  PHYSIOLOGY  OF  THE 
CIRCULATION. 

The  primary  object  of  the  circulation  is  the  distribution  of  mi- 
trimeut  to  tissues  which  do  not  lie  in  or  adjacent  to  absorbing 
surfaces.  Secondarily  the  fluids  in  circulation  c^rry  oxygen  from 
the  absorbing  surfaces  to  the  other  active  tissues,  and  finally  these 
fluids  carry  to  the  perij)herv  of  the  organism  for  excretion  certain 
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waste  products  which  are  of  no  further  use  to  the  system.  As  a 
'^oommon  carrier^*  the  circulatory  system  is  the  servant  of  the 
(undameotal  process  of  nutrition.  In  each  one  of  its  various 
capacities  it  seems  to  be  essential  to  the  organism. 

In  the  description  of  this  system  it  is  convenient  to  treat  (i) 
the  circulating  fluids^  and  (ii)  the  organs  which  cause  the  circula- 
tion of  the  fluids. 

1.  THE  OXBOULATING  FLUIDS. 

(a)  The  Moot  Primitive  Condition  is  represented  by  the 
ccdtnterateB  whose  gastrovascular  system  of  canals  is  filled  with  a 
fluid  which  is  composed  of  the  digested!  or  partly  digested  ingesta 
and  of  imbibed  water.  This  fluid  may  be  called  a  circulating 
chyme.  It  is  devoid  of  corpuscular  elements.  The  oxygen  which 
it  holds  in  solution  may  be  absorbed  by  the  cells  which  are  ad- 
jacent to  the  canals^  but  it  lacks  any  special  agent  to  serve  as  an 
oxygen  carrier. 

(6)  Next  ix  Order  as  a  circulating  fluid  may  be  considered 
the  circulating  chyle  or  hydrolymph  of  echinodemiSj  lamelli' 
branchiaie  nwllxiscH,  tunicaies  and  the  amphioxus.  This  fluid  dif- 
fers from  the  circulating  chyme  in  having  passed  into  the  organism 
through  an  absorbent  surface  of  epithelium.  It  is  a  selected  fluid 
and,  therefore,  much  more  uniform  in  its  composition  than  is  the 
crude  circulating  chyme.  This  circulating  chyle  is  corpusculated. 
The  corpuscles  are  not  particularly  abundant  and  are  similar  to 
the  lymph  corpuscles  and  leucocytes  of  higher  vertebrates, — being 
capable  of  amoeboid  movements  and  varying  much  in  size. 

(c)  The  Term  hcemolymph  is  applied  to  the  circulating  fluid 
post^essed  by  icorm^f  most  moIliu*cs,  and  arthropcnh,  Hiemolym])h 
is  distinguished  from  hydrolymph  in  having  hcenioglobin  or  other 
oxygen-carrier  in  mfntion, 

(f/)  The  Most  Complete  System  of  circulating  fluids  is 
possesseii  by  the  vertebrates  (amphioxus  excepted).  The  circu- 
lating chyle  is  received  into  the  lymphatic  system  of  vessels  and 
mixed  with  true  lymph.  This  soon  mixes  with  the  blood, — the 
most  complex  of  all  circulating  fluids.  The  blood  of  vertebrates 
consists  of  («)  a  fluid-plasma,  quite  like  the  fluid  ])orti()ii  or  j)lasnia 
of  the  lymph,  (y?)  corpuscular  elements  which  in  turn  are  :  (i  )  tlie 
leucocyt<»s  which  are  practically  the  same  as  the  lymj)li  c()rj)usclcs, 
(n)  the  red  corpuscles  which  are  characteristic  of  the  vertebrates, 
though  they  have  l)een  also  observed  in  a  few  isolated  invertebrate 
genera.  The  essential  feature  of  the  red  bloo(l-(»orpusc'le  is 
Hanntx/M^in, 

The  hiemolymph  contains  various  oxyjren-carriers,  or  respira- 
tory pigments  (hemoglobin,  luemerythrin,  luoniocyanin),  in  so- 
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lution,  while  the  blood  contaim  hcemoglobin  in  corptiHcular  form. 
These  haemoglobin  corpuscles  are  retained  within  a  definite  system 
of  canals,  the  blood-vascular  system ;  while  the  lymph  circulates 
in  a  vaso-lacuuar  system  similar  to  that  possessed  by  most  of  the 
invertebrates.  Note  (i)  that  in  the  dradating  chyme  the  sole 
function  of  the  fluid  is  to  carry  nutriment ;  (ii)  that  the  hydro- 
lymph  carries  nutriment  to  the  tissues  and  excrement  from  them ; 
(in)  that  the  haemolymph  carries  nutrimettt  and  oxygen  to  the 
tissues  and  excrement  from  them ;  (iv)  that  in  the  blood-lymph 
systems  the  same  functions  are  performed,  but  there  is  a  differen- 
tiation of  structure  and  composition  between  blood  and  lymph 
and  the  functions  are  performed  more  perfectly  because  of  this 
specialization. 

2.  THE  ORGANS  WHICH  CAUSE  THE  CIBOULATION. 

{(i)  The  C(p:lenteratrs  have  a  system  of  canals  which  arc 
really  diverticula  from  the  gastric  cavity.  The  fluid  within  this 
gastro-vascular  system  of  canals  is  set  in  motion  by  the  general 
movements  of  the  animal. 

(6)  The  Lowest  Order  of  circulatory  system  is  that  in  which 
the  hydrolymph  and  haemolymph  of  the  invertebrates  flow.  As 
a  general  rule  the  lymph  is  kept  in  motion  by  the  rhythmical  con- 
tractions of  some  portion  or  portions  of  the  canal  system.  These 
pumping  organs  are  called  hearta.  The  animal  kingdom  presents 
hearts  of  various  forms  and  degrees  of  complexity,  but  they  all 
have  this  in  common  that  they  represent  dilatations  of  the  blood 
vessels.  In  Mollusca  and  Arthropoda  the  heart  is  located  dorsally, 
in  Vertebrates  it  is  ventral.  There  are  two  general  methods  of 
j>ropulsion  :  (i)  Peristalsis.  The  earthworm  possesses  a  series  of 
segmental  arterial  arches  connecting  the  ventral  and  dorsal  trunks. 
The  rhythmic  peristalsis  of  these  arches  keeps  the  blood  (haemo- 
lymph) in  circulation.  The  aniphioxus  has  a  similar  system 
physiologically  ;  the  (K)ntractile  j)ortions  arc  upon  the  ventral  vein 
forcing  the  lymj)h  to  the  branchial  system  (respiratory  heart)  and 
U])()n  the  dorsal  artcTv,  forcing  the  lymph  through  the  systemic 
capillaries  (systemic  heart),  (ii)  Pumping.  The  second  method 
of  propulsion  is  by  a  force-pumping  mechanism,  the  essential  fea- 
tures of  which  are  the  strong  muscular  walls,  the  valves,  and  the 
filling  chambers.  The  first  of  these  insures  a  comparatively  quick 
and  strong  contraction  of  the  walls  of  the  heart  upon  the  fluid 
contents,  but  the  ])ressure  (intra-ventricular)  is  equally  distributed 
over  the  walls  of  the  organ  and  the  fluid  is  as  likely  to  go  back 
through  the  way  by  which  it  entered  as  to  go  forward  unless  it  be 
blocked.  The  valves  at  the  entrance  of  the  heart  stop  this  re- 
gurgitation and  insure  the  forward  movement  of  the  circulating 
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fluid.  To  be  mechanically  effective  the  heart  must  fill  quickly. 
This  necessity  is  satisfied  in  arthropoda  by  a  filling  chamber 
aronnd  the  heart — the  pericardium — into  which  the  blood  flows 
during  cardiac  contraction.  When  the  heart  relaxes  the  collected 
lymph  quickly  enters  its  cavity  through  the  open  valves.  A  sim- 
ilar function  is  performed  by  the  auricles  of  the  mollusks. 

In  most  invertebrates  the  blood  escapes  into  tissue  spaces  at  the 
end  of  its  arterial  flow. 

After  traversing  the  tissue  spaces  and  lacux.f.  the  lymph 
makes  its  way  into  the  vessels  which  return  it  to  the  organ  of  pro- 
pulsion. The  lacunae  and  tissue  spaces  of  invertebrates  corre- 
spond to  the  lymph  or  serous  cavities  and  lymph  radicles  of  the 
higher  animals. 

(e)  The  vertebrates, — above  Amphioxus, — possess  the  high- 
est type  of  circulatory  system — the  blood  is  propelled  by  a  heart 
fully  equipped  with  valves  and  filling  chambers.  The  Amphi- 
oxus  has  two  hearts, — respirator}'  and  systemic.  Fishes  have  a 
respirator}'  heart  whose  strength  is  sufficient  to  carry  the  blood 
through  the  systemic  vessels  after  it  has  been  aerated. 

In  the  Amphibia  and  lower  Reptiles  there  are  two  auricles  but 
only  one  ventricle  which  must  serve  both  as  respiratory  and  sys- 
temic heart.  In  these  animals  there  is,  to  a  certain  extent,  a  mix- 
ture of  the  aerated  and  unaerated  blood.  The  devices  for  insuring 
the  purer  blood  current  for  the  cephalic  end  of  the  animal  are  to 
say  the  least  ingenious.  In  crocodiles,  birds  and  mammals  the 
heart  is  double,  each  half  being  composed  of  an  auricle  and  a  ven- 
tricle. The  right  half  of  the  heart  is  the  respiratory  heart  and 
the  left  side  the  systemic  heart. 

The  morphological  details  by  which  these  various  jx)ints  are  ac- 
complislied  are  matter  for  anatomy  rather  than  for  pliysiology. 

B.  ANATOMICAL  INTRODUCTION. 

1.  THE  BLOOD-VASCULAR  SYSTEM. 

Structural  features  of  the  heart  and  vessels  which  are  of  especial 
physiological  importance. 

a.  The  Heart. 

1.  The  Mnscolatare. — («)  Several  muscle  layers  ;  longitudi- 
nal, oblique  and  circular,  so  intricately  arranged  that  one  system 
of  fibers  may  often  be  traced  in  all  of  the  directions  in  turn. 

(Ji)  Many  fibers  or  bundles  arise  from  the  auriculo-ventricular 
ring,  and  after  making  their  circuit,  return  ajrain  to  an  opposite 
segment  of  the  ring. 
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Fig.  62. 


(;')  Some  bundles  arise  from  the  ring,  make  their  winding  cir- 
cuit and  terminate  in  a  papillary  muscle. 

r5)  The  bases  of  the  aorta 
ana  pulmonary  arteries  are 
surrounded  by  circular  heart 
fibers,  and  further,  many  of 
the  longitudinal  fibers  arise 
from  the  region  of  the  great 
vessels. 

(s)  The  musculature  of  the 
left  ventricle  is  very  much 
heavier  than  that  of  the  right. 
(Fig.  62.) 

2.  The  Valves. — («)  From 
the  auriculo-ventricular  ring 
  valves,  convex  on  the  auric- 

C'ros8-«ectiou  throuKh  a  fompletely  contracted  ular  SurfaCC,  projcct  tOWard 
huuian  heart,  at  the  junction  of  the  middle  and  x i_  ^  xi_  • 

lower  thirds.  ^ Krehl.)  the  Center  01  the  rmg. 

(/9)  Each  cusp,  or  flap,  is 
much  thicker  near  its  origin  on  the  ring  than  near  the  free  margin. 

(;')  Each  cusp  is  stayed  or  guyed,  from  the  ventral  side,  by 
several  tendonous  cords  which  pass  from  the  apex  of  a  papillary 
muscle  to  different  parts  of  the 
cusp,    (see  Fig.  63.) 

(r))  The  cusps  meet  at  a,  not 
in  a  common  tangent  line,  but 
in  a  common  tangent  plane. 

3.  The  Cavity  of  the  Heart. 
— («)  The  dilated  cavity  of  the 
left  ventricle  is  an  inverted  ob- 
lique, quadrilateral  pymmid, 
])resontiiig  irregularities  of  sur- 
face, due  to  columueie  carnoic 
and  ])apillary  muscles.  Its 
volume  in  the  adult  male  is 
about  180  c.c.  {-i)  The  con- 
tracted cavity  of  tlic  left  ven- 
tricle presents  in  the  upper  sej;- 
ment  a  quadrilateral  outline,  in 
the  lower  segment,  a  triangular 
outline.  From  the  central  cav- 
ity, which  at  the  end  of  systole  may  l)e  almost  obliterated,  nu- 
merous crevasses  ])ass  out  into  the  wall  of  the  ventricle.  These 
crevasses  represent  s])aees  between  the  fleshy  columns  or  papillary 
muscles.    (Fig.  ()2.) 

(;-)  The  dihited  cavity  of  the  right  ventricle  presents,  on  cross 


.\ftcr  Krehl.  Diagram  showing  the  general 
iirrungenient  of  tlie  auriclo-vent.  valves,  a.r.r., 
nuric-vent.  ring.  plane  of  tangency.  P.  M.^ 
papillary  muscles. 
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section,  a  crescentic  outline.  It  is  much  shorter  than  the  cavity 
of  the  left  ventricle,  though  its  volume  is  the  same. 

(5)  The  closed  cavity  of  the  rigl>t 
ventricle  presents  a  series  of  irregu-  fig.  64. 

lar  crevasses  which  together  describe 
a  erescentric  field.    (Fig.  62.) 

6.  The  Blood  Vessels. 

1.  The  Arteries  and  Veins  are 

composed  of  practically  the  same  ele- 
ments in  the  same  arrangement ;  the 
principal  diflferencc  being  the  propor- 
tion of  the  different  tissues  entering 
into  the  composition  of  the  several 
layers.  The  walls  of  the  arteries  are 
thicker,  very  much  thicker.  (Fig.  64.) 


Fig.  65. 


Transverse  section  through  a  niicro- 
scopic  artery  and  vein  in  the  epiglottis 
of  a  child.'  A,  the  artery,  showing 
the  nucleated  endothelium,  the  circular 
muscular  media,  and  at  a  the  fibrous- 
tissue  adventitia  ;  V,  the  vein,  showing 
the  same  layers  ;  the  media  is  ver^'  much 
thinner  than  in  the  artery.  (IvLKIn's 
Atlas.) 


^r-^x^^^^^::^^^^^^^^^^^^^  ^5**  This  is  important  for  the 
i^fe>v--C^  C'^^^!,,?^\^*^rv-i.  following     considerations  : 

^■^^ -  WT^*  -^-^^/^^        First,  The  greater  thickness 


Section  of  thoracic  aorta  as  seen  un<ler  alow  |M>wer. 


enables  them  to  sustain  the 
greater  blood-pressure ;  Sec- 
ond, Their  greater  resistance 
enables  them  to  withstand 

n,  the  inner  c-oat  consisting  of  three  layers,  viz.:  1.  ml.w.r  pvtortuil  nrp«^^lirp  p 
>44thelium  »ecn  as  a  (ine  line.    2.  .Sib-epirhelial.  CAUnull   prtSSUrC,  C. 

Kl«*tic  la.V'r'- .  In  the  part  of  the  inner  c-<.at  at  its  ^    fro^    mUSCUhir  COUtraC- 
JuDction  with  the  middle,  a  layer  ol  longitudinal  mus-      '  , 
cular  fibers  i-*  represented  as  cut  across.      iiiid«ilc  coat  tlOU  OT  prCSSUre  ()f  clotlliuij 
with  its  elastic  membrane ;  r,  outer  coat  with  two  vasa    ,  ,   *  i«  i 

Tawruni.     (St  it akfer  after  Tui.nx. )  tilUS  tllC  ])arts   sn])plie(l  an? 

snbjected  to  a  minim  nm  ac- 
cidental variation  of  bl(K)d-su])ply  ;  Third,  Their  greater  thick- 
Dess  makes  them  less  vnlneral)le  in  accidents.  The  large  arte- 
ries have  relatively  more  elastic  tissue,  while  the  small  arteries 
and  arterioles  have  relatively  mon*  nnisele-tissuc.  The  reason  is 
evident :  The  large  vessels  receive  the  direct  impulse  from  the 
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heart-beat.  The  heart  can  rest  a  part  of  the  time.  The  walls 
of  the  arteries  are  under  continuous,  though  varying  strain. 
Muscle  tissue  alone  could  not  long  endure  the  strain  of  unremit- 


FiG.  68. 


-- '^'^  A  •'luall  artcrv.  J,  and  vein,  T,  from  the  subcutaneous  connective 

Elastic  lu'twork  of  ar-  ii>siu.  of  tlu'  rat.  treatod  ^^ith  nitrato  of  silver.  (175  diameters.)  o.  «, 
teiy.  (S<  iiAKKKR  after  endotlu'lial  eell^  with  //.  their  nuclei :  m,  m,  transverse  markings  due 
ToLdt.  )  to  -taiuiup  of  >ul»tanee  between  the  muscular  fiber-cells ;  c,  r,  nuclei  of 

e««nn<'etive  tis!.uecorini>cles  attached  to  exterior  of  vessel.  (Schaefer.) 


tinjr  work  ;  only  the  unscnsitivo,  unresponsive,  elastic  tissue  can 
be  safely  put  to  so  pnMligioiis  a  strain.  Tn  the  small  arteries  and 
arterioles  the  lateral  pressure*  is  very  much  less.  The  muscle 
fibers  of  these  vessels,  su])])lemente(l  by  a  small  amount  of  elastic 
tissue,  are  quite  snffieient  to  sustain  it.  Further,  the  supply  of 
blood  to  special  ornrans  is  controlled  by  these  musele-fibers  acting 
under  the  influence  of  the  vaso-motor  nerves.    (See  Figs.  65,  66.) 
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2.  The  Gapillaiies. — The  capillary  wall,  consisting  as  it  does 
of  »mple  endothelial  plates,  can  not  withstand  much  pressure. 
Most  of  the  energy  exerted  by  the  heart  has  been  expended  in 
overcoming  the  resistance  between  the  heart  and  the  capillaries  so 


Fio.  69. 


CapiUarv  reitsels  fW>m  the  bladder  of  the  micnwcope.    (A,  Thomson.  The 

eait.  magnified.   The  outlines  of  the  cells  nre  arrows  indicate  the  coiirMe  of  the 

itaiDed  by  nitrate  of  silver.    Sciiakfer.)  blood. 


that  the  millions  of  capillaries  are  easily  able  to  withstand  the  dis- 
tributed remnant  of  pressure.  Any  increase  of  capillary  pressure 
tends  to  increase  the  spaces  between  the  endothelial  plates  and 
thus  in  tuni  to  facilitate  not  only  diapedesis  of  white  blood  cor- 
puscles, but  transudation  of  plasma.    (See  Figs.  09  and  70.) 

2.  THE  LYMPHATIC  SYSTEM. 

a.  Lymphatic  Follicles  and  Glands. 

Lymphatic  tissue  is  composed  of  two  elements  :  1st.  A  counc'c- 
tive  tissue  reticulum  associated  with  stellate  connective  tissue 
cells.  This  is  called  the  Adenoid  Retindnin,  2(1.  Small  round 
cells  which  are  enclosed  within  the  meshes  of  the  reticulum  (Fi^. 
71).  Tlie  lymphatic  tissue,  or  adenoid  tissue,  is  frequently  found 
in  small  (]uantities  along  the  arteries  associated  with  the  |)erivas- 
cular  lymph  channels ;  but  it  is  usually  collected  in  well-definrd 
structures  cidled  lymph  follicles. 

1.  Lymph  Follicles  are  simple  lym])hatie  nodules  which  occur 
in  jrn»at  numbers  in  the  mucous  membnuic  of  the  res])iratory  and 
alimentiiry  tracts.  Each  follicle  is  surrounded  by  a  delicate  but 
elose-meshe<l  wall  or  capsule  of  fibrous  connective  tissue.  Within 
this  capsule  the  whole  space  is  filled  with  typical  lymphatic  an<l 
adenoid  tissue. 


112 


CIRCULATION:  ISTRODUCTION. 


A  lymph  follicle  receives  its  blood-supply  from  a  vascular  en- 
velope composed  of  a  loose  mesh  work  of  arterioles,  from  which 
capillary  loops  penetrate  to  the  center  of  the  follicles  and  return 
the  venous  blood  to  the  corresponding  mesh  work  of  venules. 
Each  follicle  has  an  afferent  lymphatic,  which  brings  a  stream  of 
lymph  which  oozes  through  the  adenoid  tissue,  and,  emerging  with 
fewer  old  leucocytes  and  more  young  ones,  is  carried  off  by  the 
efferent  lyniphaiic.  Within  the  follicle  old  leucocytes  which  come 
laden  with  different  materials,  gathered  in  their  wanderings,  be- 
come helplessly  entangled  in  the  adenoid  meshes  and  disintegrate. 
Within  the  follicle  is  a  closely-packed  group  of  leucocytes  which 
are  undergoing  rapid  reproduction  by  karyokinesis.    Such  a 

Fio.  71. 


DiaKrainniatic  section  of  the  lyniphatk- ^,  afferent,  e.  I.,  efferent  iTinpbatics  ;  C, 
cortical  .•«iili.Hlunc<' ;  .V,  n-tirulatiiig  cords  of  medullary  siihstanoe  ;  /.  h.,  lymphoid  tissue,  /. 
lyinph-.Hinu>:  r,  fihrous  coal  sondiiiK  trabecuhe,  tr,  iuto  the  stubtttanceuf  the  gland.  (SchabfER.) 

group  of  leueoeytos  is  called  a  Lyinph  Knot;  and  this  is  the 
source  of  the  young  leucocytes  which  join  the  efferent  stream.  So 
tli(»  efferent  stream  from  a  lymph  follicle  or  lymph  gland  may  not 
contain  more  leucocytes  than  the  afferent  stream,  but  there  will 
bo  more  young  active  ones  and  fewer  old  sluggish  ones.    (Fig.  72.) 

2.  A  Lymph  Gland  is  simply  a  collection  of  lymph  follicles. 
The  structural  variations  are  shown  in  Fig.  71.  The  func- 
tions are  the  same.  The  favorite  locations  of  the  lymphatic 
glands  seem  to  be  the  mrscnterify  the  groin,  the  axilla  and  the 
neck ;  though  they  are  very  generally  but  sparsely  distributed  in 
tfubcutan(X)us  tissues. 


LYMPHATIGS  OR  LYMPH- VESSELS. 


113 


b.  Lymphatics  or  Lymph-vessels. 

(a)  Lymph  Radicles  and  Lymph  Capillaries. — A  lymph 
radicle  or  rootlet  is  simply  a  connective  tissue  space  which  is  lined 
with  endotheloid  plates.  These  spaces  are  very  irregular,  sometimes 
narrow  chinks  and  crevasses,  sometimes  comparatively  wide  spaces. 

Lymph  capillaries  conduct  the  lymph  from  these  irregular  oof- 

Fig.  73. 


Simple  lympb-follicle  from 
cot^unctiTft  of  dog:  a,  lym- 
phoid time,  limited  by  the 
ilbruos  capsale  {b)  e,  surround- 
ing oonoectiTe  tiMue.  (After 

PlKBSOL.) 


Klenient«  of  adenoid  tiA- 
Mue  from  partially  brushe<l 
section  of  lymphatic  gland 
of  child  :  a,  filjcrs  of  reticu- 
lum ;  h,  lymphoid  cells ;  r, 
expanded  connective-tissue 
plate.    (After  Pikr80L. ) 


leding-^ipcu^  to  the  lymph-vessels.    Even  the  capillaries  and  the 
smaller  lymphatics  are  irregular  in   lumen.    (See  Fig.  74.) 
(5)  Lymph  Trunks. — All  of  the  larger  lymph-vessels,  are  pro- 
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Lym|4iaticplexu(i  of  central  tendon  of  diaphragm  of  rabbit,  nleural  <uU\  Ki.kin.)  n 
er  TeMMlii  with  lanceolate  cells  and  numerous  valves  ;  b,  c,  lympiuitii-  rapilluries  with  wnvy- 


l»rRer 
burilered  cell*. 


vided  with  valves.    The  larger  trunks  have  a  regular  lumc^n  and 
H-alls  quite  like  those  of  a  blood  vessel.    (See  Figs.  74  and  75.) 
8 
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ih)  vwvUifilug  St  nmnU  an  cry 
{(1),  from  Ihi' ^ilvcn'd  mv^ 
«Hlifry  t»f  ting ;  liraiuli- 
i  ug    ly  inphfil  it*    t  sipil  I  ii  r  y , 


Fig.  76. 


0 


Tfftii^vii.TSp  st,*ction  of  UuniiLn  tho- 
ruck"  iliitrl  I  u  tn.ati'l  ff^  rc??*jtcclii,*'l) 
itic  inner,  mltldl^j  jiml  iml**r  tunjD»i ; 
/,  lurlotlivliul  litilDf?^  WniL-iUii  whifli 
\hv!'  iVbrHiiH  i^trufum  livtDliiiDinif 

jf|t»fr?4  tu  \  r   r^  Eivn yflt tiding] 3 y  di:*^ 
buiiilk^  or  muACiiliir'tiiisutJ 
wi? hii)    fiflT-e&11tl)i ;     r,  Qii|iiilJ»r7 
bkjtid  TeHw.'J!*,    (After  Pii£|i!^ot,jf 


3.   THE  SPLEEN. 

(a)  DKVELnrMEXT, — In  the  liuinaii  embryo  its;  ilevelopiTient 
begins  about  the  end  of  the  semiid  month.    Its  ^jeginQiug  miiy 


Fia,  77, 

A 


Vt^riiciil  ^TCtii  M      ■  I.   |[  f<ij|ji6rftdai  portion  *if  llie  Ijuiueui  h^jU'IH,  as  jieon  *kh  ■  lo* 
A,  {KTit^jHCHl  iin<l  ijbr<njs  wvrftnK  ;     triilH^milit,  r,     MjilplLrhifflft  t.Htri*u tn  ^i^n**  "f  *lilt:!i 
All  ark'fv  h  piA'n  tul  ifHti*vt'rsiOv,  in  rbe  ^i.tlu^r  loni^tliitiHnitliy  ;  c?^  lujvctetl  jirtrrijU  iwJm». 
fipl«ti-j>ulli.    ^Sf  iiAt  >KK  utter  K^LUItKllJ 

found  ill  the  mesentery  posterior  to  the  stomach  sukI  immciijately 
dorsal  to  the  duodenum*    At  this  jioint  a  wry  ^rnnW  terniirtal 
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branch  of  the  coeliac  artery,  the  future  splenic  artery,  shows  in  the 
|)eriva:«cnlar  lymph  channels  an  accumulation  of  large  lymphoid 
cells  with  large  granular  nuclei.  The  stops  of  the  development 
are  :  The  progressive  development  of  lymphatic  tissue,  the  pene- 
tration of  the  mass  by  terminal  branches  of  the  advancing  splenic 
anery,  the  development  of  non-striated  muscle  tissue  around  the 


Fig.  78. 


Tbin  jtection  of  xpleeD-pulp,  highly  luagnifiod,  MhowiD^  the  mode  of  origin  of  a  smull  vein 
in  Che  interstice**  of  the  pulp,  r,  tne  vein,  fillcfl  with  bliMxI-corpuMcleM,  whitrh  are  in  continuity 
with  (»then«,  */.  filling  up  the  interstice?*  or  the  retiform  tis«ne  of  the  pulp  ;  ir,  wall  of  the  vein. 
The  »ha«le4l  bodies  amongst  the  red  blood-corpuscles  are  white  coriiuscles. 

arterial  branches  and  in  a  coarse  mesh-work  throughout  the  mass, 
the  pushing  out  of  the  mesentery  which  forms  a  splanchnopleuric 
cover  for  the  spleen,  and  the  definite  encapsulement  of  the  organ 
with  connective  tissue  and  non-striated  muscular  tissue. 

(//)  STKrcTURK. — Inasmuch  as  the  spleen  begins  in  a  develop- 
ment of  lymphatic  tissue,  it  is  to  be  expected  that  its  structiin*  is 
analogous  to  that  of  a  lymph  gland.  Such  is  the  case.  The 
spleen  sustains  to  the  blood  vascular  system  somewhat  the  same 
relation  that  the  lymph  glands  sustain  to  the  lyni])h  vascular  sys- 
t(*ni  :  and  the  blood  (X)zes  through  the  sj^leen  reticulum  in  much 
the  sam(»  way  that  lymph  oozes  through  a  lymph  gland  (Figs.  77 
and  7S). 

4.   HISTOGENESIS  OF  THE  CIBCULATOBT  ORGANS  AND 

TISSUES. 

The  circulatory  system  is  that  system  which  more  than  any 
other  is  shut  off  from  the  outside  world.  One  would  exju'ct  that 
this  system  of  organs,  which  is,  par  fj-cellence,  a  system  drvc)t('<l 
to  internal  relations,  should  be  derive<l  from  the  ento<l(Tin  ;  and 
it  is.  You  rememlxT  that  the  cutodrrm  is  early  ditlerentiat('<l 
int<i  hy|)obhLSt,  mesoblast  and  notocord.  In  this  differentiation 
the  mesoblast  has  withdrawn  farther  from  the  outside  world  than 
was  the  entoderm.    The  mesoblast  early  divides  into  ])rimitive 
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segments,  somatopleure,  splanchnopleure  and  mesenchyme.  The 
last  named  arises  latest  and  is  derived  from  the  first  three  [Hert- 
wig] .  From  the  mesenchyme  are  derived  all  the  organs  and  tis- 
sues of  the  circulatory  system :  (i)  The  blood  itself  is  purely  a 
derivative  of  the  mesenchyme,  (ii)  The  blood  vessels  and  lym- 
phatics are  also  derived  solely  from  the  mesenchyme ;  viz.,  the 
endothelial  layer  of  the  intima,  the  involuntary  muscle  fibers  of 
the  media  and  the  elastic  fibers  of  the  vessel  walls,  (in)  The 
spleen,  lymphatic  glands  and  the  red-marrow  of  bones  are  also 
wholly  mesenchymal  tissues,— excepting  the  splanchnopleuric 
peritoneum  of  the  spleen.  The  nerves  which  supply  the  muscles 
of  the  heart  and  blood  vessels  are  derived  from  the  ectoderm  and 
are  distributed  to  the  circulatory  system  through  the  vago-sym- 
pathetic  nervous  system. 

C.  PHTSIOAL  INTRODUCTION. 

1.  THE  FLOW  OF  LIQUIDS  THROUGH  THE  TUBES. 

The  analogy  between  the  nervous  system  and  a  telegraphic  sys- 
tem is  a  striking  one  and  frequently  cited ;  even  more  striking 
is  the  analogy  between  the  circulatory  system  and  the  water-sup- 
ply system  of  a  city.  The  water-supply  starts  from  a  central 
pumping  station, — or  elevated  reservoir, — passes  through  large 
mains  at  first,  and  is  distributed  through  branches  that  are  smaller 
and  smaller  as  they  subdivide  on  their  way  to  different  houses. 
The  blood-supply  starts  from  the  centrally  located,  pumping 
heart,  passes  through  large  trunks  at  first,  and  is  distributed 
through  branches  that  get  smaller  and  smaller  as  they  subdivide 
on  their  way  to  different  tissues. 

The  physical  laws  of  the  circulation  are  the  physical  laws  of 
the  flow  of  liquids  through  tubes.  No  adequate  knowledge  of  the 
circulation  can  be  gotten  without  first  a  knowledge  of  the  physical 
laws. 

a.  The  Flow  of  Liquids  under  Oontinuous  Pressure. 

"  The  flow  of  lifjuid  is  caused  by  a  difference  of  preamre  between 
the  different  parts  of  a  mam  of  lifjuid.'^  (Daniell.) 

The  attraction  of  the  eiirth — gravitation — furnishes  the  continu- 
ous pressure  which  causes  a  flow  of  liquids  along  channels  or 
through  tubes.  The  conditions  necessary  are  an  elevated  source 
and  a  low  outlet.  Let  us  take,  for  example,  a  reservoir  as  a 
source  of  flow.  I^t  an  aperture  be  made  in  the  reservoir  any 
distance  (h)  l)elow  the  surface  of  the  water.  The  pressure  upon 
the  water  just  inside  the  aperture  is  greater  than  pressure  at  the 
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garface — atmospheric  pressure — because  it  supports  the  weight  of 
the  superposed  water.  It  will  therefore  flow  away  from  the 
higher  pressure  within  the  aperture  toward  the  lower  pressure 
without  the  aperture. 

1.  Velocity. — ^Torricelli's  Law :  The  rate  at  which  a  Vupud  is 
(Ujtchargefl  through  an  orifice  in  the  tcall  of  a  rexervoir  w  equal  to 
tkf  tdocity  which  tcouM  he  required  hi/  a  body  falling  freely  through 
a  height  equal  to  the  distance  between  the  orifice  and  the  surface  of 
ike  liquid. 

From  the  law  of  falling  Ixxlies  we  know  that  the  velocity  (r)  is 
(tfual  to  the  square  root  of  ticice  the  product  of  the  height  by  the  ac- 
celeration due  to  gravitation  (r/),  /.  e.,  v  =z\/2gh  =  \/2  x  981  x  h 
=  44.3  >/h.  Velocit^hus  obtained  is  expressed  in  centimeters 
per  second. 

2.  Discharge. — Within  reasonable  limits  velocity  is  not  modi- 
fied by  the  size  of  the  aperture.  Discharge  (/>)  on  the  other 
hand,    is  equal   to  the 

proiluct  of  the  area  (a)  Fia.  70. 

of  the  jet  by  the  velocity. 
One  would  think  that  the 
area  of  the  jetwould  e<|ual 
the  area  of  the  aper- 
ture, but  such  is  not  the 
cajje.  The  fluid  streams 
toward  the  aperture 
from  various  directions 
and  the  jet  is,  in  a  way, 
a  resultant  of  the  various 
jitreams  just  referre<l  to 
and  emerges  ronrergmt  to 
reach  a  minimum  diam- 
eter in  tlie  renft  conf- 
rfU'fa  "  very  near  the  ap- 
erture. Tlie  n.»al  diam- 
eter of  the  jet  is  the  di- 
ameter of  the  vena  ctHi- 
tmeta.  A  practical  veri- 
fication of  the  principle 
is  much  simplifled  by 
inserting  into  the  apcTtun'  a  short  smooth  nozzl(\  The  diam- 
eter of  the  jet  will  equal  the  diameter  of  tli(»  nozzle.  The  dis- 
charge* (/>)  equals  the  product  of  the  area  of  the  jet  {a)  l»y  the 
velocity  (r),  /.  e.^  D  =  (f  x  but  ft  =  zr-  and  r  =  4  l.ov^A  ;  there- 
fore, I)  =  44.3r/-2v//;. 

Note  that  44..*Lt  represi'uts  a  constant  factor  that  is  the  same  in 
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all  experiments;  so  that  the  discharge  will  vary  as  the  square  of 
the  radius  of  the  jet  and  the  square  root  of  the  height,  i.  e.,  D 
varies  as  i^\/h. 

3.  Pressure. — The  pressure  may  be  looked  upon  as  the  stress 
upon  the  liquid  at  the  point  of  observation.    Take,  for  example, 

the  pressure  of  the  water  on  the  bot- 
tom of  a  reservoir  (Fig.  79).  Even' 
square  centimeter  of  the  bottom  sup- 
ports the  weight  of  the  column  of 
water  whose  vertical  dimension  is 
the  depth  of  the  water  and  whose 
area  {a)  is  1  sq.  cm.  The  area  of 
the  bottom  of  the  reservoir  is  not  a 
factor  in  the  pressure.  The  height 
of  the  reservoir,  or  rather  the  depth 
of  the  water,  is  the  only  matter  of 
importance.  In  reser\'oir  B  the 
pressure  upon  area  (1  sq.  cm.)  5  is 
the  same  as  that  upon  area  a  of  res- 
ervoir because  the  height  of  the 
column  is  the  same.  In  reservoir  C 
the  pressiu'c  upon  area  (1  sq.  cm.)  c 
is  the  same  as  that  upon  area  a  or  5, 
because  the  area  is  the  same  and  the 
height  of  the  column  of  water  is  the 
same.  If  in  reservoir  B  the  pres- 
sure on  area  h  is  equal  to  that  on  area  so  must  the  pressure  on 
area  b'  ocjual  that  on  area  a  or  area  6,  because  the  fluid  will  trans- 
mit pressures  cquaUy  in  all  direetiom.  Then  the  lateral  pressure 
around  the  bottom  of  the  reservoir  must  be  as  great  as  the  down- 
ward j)ressure.  Such  is  the  case.  In  the  reservoir  shown  in  Fig. 
80  the  ])ressure  at  the  nozzle  would  be  found  by  finding  the  weight 
of  a  volume  of  liquid  whose  area  equals  the  area  of  the  lumen  of 
the  nozzle  ami  whose  height  is  the  depth  of  the  liquid  above  the 
middle  of  the  lumen  of  the  nozzle. 

{<n)  The  Measurement  of  Prrssure.  (a)  The  Unit. — The 
pressure  of  the  li([uid  or  tlu^  stress  of  the  liquid  at  the  point  of 
observation  is  a  form  of  energy.  To  express  this  energy  in  dynes  : 
P  (in  dynes  ])er  scj.  em.)  =  hgi<,  h  =  depth  of  liquid,  ff  =  accel- 
eration of  gravitation  (081),  s  =  specific  gravity.  It  is  customary, 
however,  to  express  the  pressure  in  height  above  orifice  or  "head," 
and  to  ignore  the  factors  (/  and  .v.  This  is  especially  convenient 
because  the  pressure  is  usually  measured  with  a  mercury  manom- 
eter and  expressed  in  "  centimeters  of  mercury,"  meaning  that  the 
pressure  is  sufficient  to  support  a  column  of  mercury  so  many 
centimeters  high. 


Kc»crvoir  with  lateral  uoxzle. 
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(^)  The  Mercury  Manometer. — (See  Fig.  81).    This  instrument 
ooDsists  of  a  U-shaped  tube,  one  of  whose  limbs  is  usually  bent  at 
right  angles  to  facilitate  its  juncture  with  other 
apparatus.    Both  ends  of  the  tube  (n  and  ?/)         yig.  81. 
are  left  oi)cn.    That  limb  through  which  the  n' 
pressure  is  transmitted  («)  is  called  the  proxi- 
mal limbj  the  other  the  distal  limb.  When 
the   pressure   is  positive  the   mercury  will 
rise  in  the  distal   limb ;  when  negative  it 
will  fall  in  the  distal  limb.     The  rise  in 
the  distal  limb  (m)  will  be  accompanied  by 
a  eorreriponding  fall  in  the  proximal  limb 
(«»')  ;  the  total  pressure  will  be  represented 
hy  a  column  of  mercurj'  equal  to  2m  or  x. 
But  a  part  of  that  pressure  is  due  to  an  in- 
tnxlucecl  ern)r  when  the  fluid  in  the  proximal 
tube  above  the  mercur}'  is  water  or  blood, 
or  a  salt  solution.    We  have  introduced  more 
of  this  (in  centimeters)  than  was  in  the  prox- 
imal tube  l>efore. 

If  the  fluid  which  has  been  intmduced  with 
the  fall  of  the  mercury  in  the  proximal  col- 
umn is,  say,  -^^  the  weight  of  mercury,  then 
if  in  =13  cm.,  the  real  rise  of  mercury  due  to 
initial  pressure  is  represented  by  26  cm.  of 
mercury  minus  1  cm.  of  mercury  correction,    Menury  mauometor. 
or  2o  cm.  mercur>'.    Let  us  express  the  re- 
lations in  more  definite  terms.    Suppose  the  proximal  limb  to  be 
filled  with  water  (Sp.  Gr.  Hg=13.59G).    The  corrected  height  {h) 
of  the  column  of  mercurj',  when  m  is  the  rise  in  the  distal 
column  : 


 L  o>x 


m 


=  13.596  = 


27.192m  III 
13.596 


26.192m 
13.5%  ' 


Thf  prrjitture  in  grammes  per  unit  area  (  p)  is  e(iual  to  the  height 
of  the  column  multiplied  by  the  aS/>.  <//•.  of  mercury. 

26.192m 

«  =  ,77  .TT..  X  13.596  =  26.192m. 


One  may  readily  get  the  pressure  per  contiinetor  by  mmi^nr- 
iiif/  in  cm.  the  rise  of  mercury  in  fhr  (Vistnl  column  and  luultipJijiiuj 
that  hij  26.1U^>  {2^y.2). 

The  prej<Mure  in  difneH  per  unit  (trea  (P)  is  found  by  simply  multi- 
plying p  by  </,  for  P  =  h(/f<  and  p  ==  A.v. 

P^hjH^  981  X  26.192m  =  25694m  dynes  jht  s<i.  cm. 
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To  express  the  pressure  in  dynes  per  sq.  cm.  one  has  only  to  ob- 
serve m  and  multiply  that  by  25694. 

(r)  The  Piezometer  is  a  simple  instrument  consisting  of  an  up- 
right tube  connected  directly  with  the  jK)int  at  which  the  pressure 
is  to  be  measured.  (See  Fig.  82,  I,  II,  etc.)  The  pressure  at  the 
bottom  causes  the  liquid  to  rise  in  the  piezometer  until  the  weight 
of  the  column  balances  the  pressure  at  the  base.  To  compute  the 
P  in  dynes  or  the  p  in  gms.  one  applies  the  principles  given  above 
for  the  mercury  manometer  :  h  equals  the  rise  in  the  tube  as  there 
is  no  correction  in  this  case.  8  for  water  would  equal  1  ;  so  that 
p  =  A  and  P=:981A. 

(d)  Fick^fi  Spring  Manometer y  the  Sphygmoscope,  Tambours y  Roy's 
Piston,  and  other  instruments  of  the  same  class  are  for  the  obser- 
vation of  varying  pressures  and  are  constructed  rather  for  qualita- 
tive than  for  quantitative  observations. 


Fio.  82. 


lleservoir  with  Piezometers. 


(b)  The  Pressure  of  Liquid  Fu^wing  through  Tubes. — 
Fig.  82  illustrates  an  experiment  with  a  reservoir,  a  horizontal 
delivery  tube  and  a  series  of  piezometers.  The  piezometers  indi- 
cate faithfully  the  pressure  of  the  liquid  at  the  point  where  they 
are  severally  in  connuunication  with  the  delivery  tube.  The  pres- 
sure in  piezometer  I  is  higher  than  that  in  TI,  that  in  II  is  higher 
than  that  in  III  and  so  on.  Note  that  the  pressures  are  progres- 
sively and  reguhirly  less  as  we  proceed  from  the  reservoir  to  the 
end  of  the  delivery  tube.  If  there  were  only  one  piezometer  and 
that  located  at  i)<)sition  YI  the  water  would  maintain  the  same 
level  which  it  shows  in  the  first  exjKTiment.  If  there  were  sixty 
piezometers  instead  of  six,  along  the  same  delivery  tube  the  water 
in  ever}'  piezometer  would  rise  to  the  line  PD.  This  line  is  called 
the  pn'tiHHrV'i<lopc, 
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WTiy  is  the  pressure  less  in  VI  than  in  V  ?  When  the  stream 
of  vrater  has  reached  the  point  VI  it  has  still  to  overcome  the 
retiistance  between  that  point  and  the  delivery  (D).  The  pressure 
upward  at  VI  is  just  the  same  as  the  pressure  to  the  right ;  i.  c, 
the  weight  of  the  column  of  liquid  in  piezometer  VI  just  balances 
the  "  back-pressure  "  or  resistance  to  the  flow  to  D.  Piezometer 
V  measures  the  resistance  beyond  V,  and  therefore  must  stand 
higher.  The  reservoir  may  be  looked  upon  as  a  gigantic  piezom- 
eter. Continue  the  line  DP  to  the  reservoir ;  the  point  PH  is 
ihe  pre^smire-dope.  All  of  that  head  of  liquid  between  the  line 
PHi  and  the  exit  (f/)  of  the  delivery  tube  is  called  the  prcs- 
mre  heiul  or  resistance  head.  The  head  or  stand  of  liquid  below 
the  line  PHx  represents  the  quantity  of  potential  energy  which  is 
made  kinetic  and  consumed  in  overcoming  the  resistance  offered 
by  the  delivery  tube. 

What  becomes  of  the  potential  energy  represented  by  that  por- 
tion of  the  water  between  FHx  and  VHy?  That  energy  is  the 
source  of  the  velocity  with  w^hich  the  liquid  jets  from  the  end  of 
the  delivery  tube.  If  one  wishes  to  find  the  velocity  he  has  only 
to  use  the  distance  yx  or  the  distance  ?/'D  for  A  in  the  formuhi 
r  s=  y/'if/h.  The  stand  or  head  of  liquid  between  PHa;  and  VHy 
is  called  the  velocity  head. 

The  velocity  head  (VH)  plus  the  pressure  head  (PH)  is  called 
the  driving  head  (PH  +  VH  =  DH). 

In  studying  the  laws  of  the  flow  of  li(|uid  through  tubes  under 
constant  pressure  we  have  to  consider  the  following  factors  :  {a) 
l>riving  head,  (^5)  resistance  head,  (y)  velocity  head,  (o)  lateral 
pressure  as  indicated  by  the  piezometers,  (e)  resistance. 

The  solution  of  the  following  problems  will  thrown  much  light 
upon  the  practical  pn)blems  of  the  circulation  :  (i)  What  is  the 
total  effect  of  increasing  or  of  decreasing  the  driving  head  (a)? 
(II)  What  is  the  effect  of  increasing  or  of  decreasing  the  resist- 
ance (e),  the  driving  head  remaining  the  same?  (iii)  What  is  the 
effe<'t  of  a  simultaneous  increase  of  («)  and  increase  of  (s)?  (iv) 
The  effect  of  a  simultaneous  increase  of  («)  and  decrease  of  (c)  ? 
(v)  Decrease  of  («)  and  increase  of  (s)?  (vi)  Decrease  of  (a)  and 
decreaise  of  (s)?  (vii)  How  may  (j)  be  increased  without  increas- 
ing («)?  (viii)  How  may  (^5)  Ik?  increased  without  increasing  {(/)  ? 
(IX)  What  factors  cause  a  variation  of  velocity  ?  (x)  Of  lateral 
pressun*? 

/k  The  Flow  of  Liquids  Under  Intermittent  Pressure. 

It  is  understood  by  intermittent  pressure  that  the  pressure 
shall  l)e  exerted  in  a  rhythmical  series  of  impulses  such  as  is  ob- 
8cr\-ed  in  the  working  of  a  jvnnp. 
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1.  Intermittent  Pressure  Through  Inelastic  Tubes. — If  a 

pump  replace  the  reservoir  of  Fig.  82,  it  will  be  found  that  the 
liquid  will  flow  from  the  distal  end  of  the  delivery  tube  in  a  series 
of  jets  corresponding  to  the  action  of  the  pump,  and  that  the 
lateral  pressure,  as  indicated  by  the  piezometers,  will  also  vary 
with  the  action  of  the  pump,  being  highest  at  the  moment  that  the 
liquid  is  being  driven  from  the  delivery  tube  with  greatest  force. 

(a)  With  Low^  Terminal  Resistance  in  the  delivery  tube 
the  rise  and  fall  of  pressure  is  moderately  accentuated. 

(b)  With  High  Terminal  Resistance,  such  as  is  afforded  by 
a  capillary  tube  at  D,  the  rise  and  fall  of  the  pressure  within  the 
delivery  tube  is  greatly  accentuated. 

2.  Intermittent  Pressure  Through  Elastic  Tubes. — Instead 
of  an  inelastic  delivery  tube  use  a  thin  rubber  tube. 

(a)  With  Low  Terminal  Resistance  one  notes  no  essential 
difference  from  previous  observations  with  the  inelastic  tube. 

(6)  With  High  Terminal  Resistance,  however,  there  is  a 
marked  transformation  in  the  character  of  the  stream.  It  issues 
from  the  fine  terminal  capillary  not  in  jets,  bxU  as  a  continuous 
and,  under  favorable  circumstances,  constant  stream. 

How  is  this  accomplished?  The  sudden  influx  of  liquid 
thrown  into  the  tube  by  the  pump  expands  the  tube,  bringing  into 
play  its  elasticity.  When  the  pump  reverses  and  the  valve  closes 
the  walls  of  the  tube  contract  upon  the  contents  and  force  liquid 
out  of  the  nozzle  while  the  pump  is  filling.  If  the  pump  acts 
quickly  enough,  the  jet  from  the  nozzle  of  the  delivery  tube  may 
be  not  only  continuous,  but  quite  constant. 

The  quantity  of  liquid  delivered  from  a  capillary  nozzle  under 
such  conditions  is  naturally  much  greater  than  the  quantity  de- 
livered from  tlie  same  capillary  nozzle  with  an  inelastic  delivery 
tube.    Other  advantages  will  be  discussed  later. 

c.  The  Flow  of  Liquids  Influenced  by  Other  Factors. 

{a)  The  Size  of  the  Tube. — If  there  were  no  friction  the  size 
of  the  tube  would  be  of  no  consequence.  The  liquid  which  lies  next 
to  the  wall  of  the  tube,  /.  e.,  the  liquid  which  w^ets  the  wall,  does 
not  flow  at  all ;  the  layer  next  to  the  wetting  layer  flows  more 
slowly  than  any  other  layer  and  the  layer  that  is  farthest  from  the 
wall  of  the  tube  flows  most  rapidly. 

The  middle,  rapidly  flowing  current  has  friction  against  the 
next  external  less-rapidly  flowing  current;  and  thus  a  large  por- 
tion of  the  kinetic  energy  may  be  expended  in  overcoming  friction 
or  resi?>tance.  Natural ly  the  larger  the  tube  the  smaller  the  pro- 
portion of  friction.  We  may  formulate  the  following  law :  The 
resistance  is  in  inverse  proportion  to  the  diameter  of  the  tube. 


PRAXAGORAS, 


123 


Further  :  The  resistance  in  a  given  tube  inereaaea  with  the  velocity 
df flow. 

(6)  Thk  Change  of  Course,  through  bending  of  the  tube  causes 
a  change  in  the  distribution  of  the  resistance  ;  (greater  in  front  of 
the  bend  and  less  beyond  it)  but  does  not  affect  the  final  discharge 
or  velocity. 

(c)  The  Effect  of  Varying  Lumen  is  to  cause  a  variation 
of  the  velocity  with  the  varying  lumen.  "  Leonardo  da  Vinci/'  who 
was  a  great  hydraulic  engineer  as  well  as  a  great  painter,  formu- 
lated this  law  :  The  velocity  of  tlie  current  at  any  point  is  inversely 
proportional  to  its  cross-sectional  area. 

The  cross-sectional  area  of  the  capillaries  taken  together  equals 
500  to  700  times  the  cross-sectional  area  of  the  aorta. 

(ff)  The  Effect  of  Branching  is  to  introduce  eddies  and 
whirls  into  the  stream.  This  causes  increase^l  resistance.  If  the 
ramification  of  the  tubes  leads  to  greater  sectional  area  the  velocity 
vnll  decrease  proportionally ;  if  to  smaller  sectional  area  the 
velocity  will  increase  proportionally. 

D.  mSTORIOAL  INTRODUCTION.' 
1.  ARISTOTLE. 

Dal  ton  thus  summarized  the  ideas  entertained  by  Aristotle,  re- 
garding the  heart  and  blood  vessels  : 

"  I.  The  heart  is  an  organ  for  giving  to  the  blood  its  final 
elaboration,  and  for  communicating  to  it  the  necessary'  element  of 
vital  heat. 

"  II.  The  perfected  blood  is  received  from  the  heart  into  the 
blcKxl  vessels  arteries  and  veins  alike,  and  brought  l)y  their 
branches  and  ramifications  into  proximity  with  tlie  solid  tissues 
which  it  nourished  by  exudation. 

"III.  The  pulsation  of  the  heart  is  a  momentary  dilatation 
from  expansion  of  the  blood  in  its  cavities ;  this  expansion  iK'ing 
produced  by  the  animal  heat  combining  with  the  ingredients  of  the 
blood.  The  pulsation  of  the  blood  vessels  is  due  to  the  same 
cause,  and  is  simultaneous  with  that  of  the  heart ;  tlie  impulse 
originating  in  the  cardiac  cavities  being  at  onee  (X)niniunieated  to 
the  blood  in  every  part." 

It  may  l)e  added  that  Aristotle  followed  Hippocrates  in  the  use 
of  the  word  artery  {aozrjoia)  for  tlie  trachia  and  not  for  a  blood 
vessi»l. 

2.  PRAXAQORAS. 

The  predecessors  of  Praxagoras  believed  that  all  of  the  blood 
vessels  pulsate.    Praxagoras  showed  that  the  vessels  could  be  di- 

'ForthefactH  briefly  sumnmri/xMl  Iuto  tin*  auiiior  is  in(K*l)ti.Hl  to  I hiltcm's  :ul- 
minible  little  volume  <m  the  JXHrtrimM  of  thr  ( 'ircuhitinu. 
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vided  into  two  classes,  the  blood  vessels  (veins)  and  the  air  vessels 
(arteries),  to  which  he  appled  the  old  term  dnrr^tna,  distinguish- 
ing these  air  vessels  from  the  trachia  by  calling  the  latter  the 
"  rough  air- tube,''  dorr^nia  znaxzia, 

3.  THE  ALEXANDRIAN  SCHOOL. 

This  school  was  founded  by  Ptolemy.  It  was  a  real  university. 
Here  Euclid  taught  geometry  ;  Archimedes  taught  physics ;  Strabo 
and  Eratosthenes  taught  geography,  and  Hipparchus  and  Ptole- 
mseus  taught  astronomy. 

Among  the  great  teachers  of  medicine  were  Herophilus  and 
Erasistratus.  "  It  was  in  their  time  and  at  the  Alexandrian 
school  that  the  dissection  of  the  human  body  was  first  legalized," 
*  *  *  by  the  Ptolemies,  the  bodies  of  condemned  criminals  being 
devoted  to  this  purpose.  Notwithstanding  these  facilities,  it  was 
anatomy  and  not  physiology  which  was  the  gainer.  It  was  at 
this  school  that  the  pneunm  theory  (see  General  Introduction)  was 
first  elaborated.  The  teachings  of  Praxagoras  and  Aristotle,  as 
outlined  above,  were  accepted  and  taught  for  four  or  five  centuries. 

Enisistratus  accurately  described  the  valves  of  the  heart,  but 
he  did  not  know  their  function.  "  The  diastole  of  the  heart,  in 
the  physiology  of  the  period,  is  an  OAitive  expansion,  drawing  into 
the  right  ventricle,  as  if  by  suction,  a  little  blood  to  be  used  for 
the  nourishment  of  the  lung,  and  into  the  left  ventricle  a  little 
pmnma  (air)  to  supply  the  arteries," 

"  The  terminal  ramifications  (of  the  blood  vessels)  are  so  small 
that  the  blood  is  retained  within  them  by  the  *  coaptation  '  of  their 
walls.  Consequently,  although  the  mouths  of  the  vein  and  the 
artery  lie  side  by  side,  the  blood,  nevertheless,  remains  in  its  own 
vessels,  and  nowhere  penetratei^  into  thase  of  the  pn^uma,  wherh  the. 
HifHteni  in  in  Its  normal  condition.  Hut  when,  from  any  disturbing 
came,  the  blood  in  forced  orer  from  the  reim  into  the  aiieries  a  morbid 
action  rennltn.'' 

4.  GALEN. 

By  dissections  (lalen  detennined  the  structural  features  of  the 
fcetal  circulation  and  the  changes  which  take  place  in  the  circula- 
tory system  after  birth.  As  Galen  resorteil  to  vivisection,  he  was 
able  to  refute  some  of  the  ancient  dogmas  which  were  based  upon 
the  observation  of  the  dead  body,  and  some  of  the  hypotheses  re- 
garding the  living  body. 

The  first  notable  advance  made  by  Galen  was  his  demonstration 
that  the  arteries  normally  contain  blood.  His  part  of  the  contn>- 
versy  regarding  this  suhjeet  apix*ars  in  a  si)ecial  treatise  entitled : 

Whether  the  arteries  naturally  contain  blood, (Galenius,  Opera 
Omnia,  Vol.  IV.,  p.  703.) 
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"  The  general  features  of  (Jalen's  physiology  are  to  be  found 
in  his  books  on  :  The  Functions  of  the  Parts ;  The  Causes  of  die 
Pube;  The  Use  of  Respiration;  The  Physiological  Forces. 

In  this  system  the  liver  was  the  central  organ  of  nutrition 
and  sanguinification.  From  it  all  the  veins  took  their  origin,  and 
io  its  glandular  tissue  the  blood  was  prepared  from  the  elements 
of  the  digested  food,  brought  to  it  by  the  portal  vein."  *  *  * 
"  The  blood  in  the  venous  system  provided  for  the  general  nour- 
ishment of  the  tissues.  On  the  other  hand,  the  arteries  were  also 
fiill  of  blood,  but  of  a  different  kind.  The  venous  blood  was 
dark,  thick  and  rich  in  the  grosser  elements  of  nutritive  material. 
The  arterial  blood  was  thinner,  warmer,  bright-colored,  and, 
above  all,  spirituous;  i.  e,y  it  contained  an  abundant  supply  of  the 
vital  spirits,  which  it  distributed  throughout  the  body.  Its 
warmth  it  obtained  from  the  heart,  and  especially  from  the  left 
ventricle  in  which  the  animal  heat  was  generated ;  its  vital  spirits 
being  *  *  *  derived  from  the  inspired  air  of  the  lungs. 
Thus  the  arteries  contained  vital  spiritSy  not  in  the  form  of  a  distinct 
gaseous  body,  but  amalgamated  \vith  the  other  ingredients  of  the 
blood."  "  As  the  liver  was  the  origin  of  the  veins,  so  tlie  heart 
was  the  origin  of  the  arteries.'' 

The  phenomenon  of  the  puhe  was  thus  explained  :  "  This  is  a 
foroe  of  a^ive  expamion  dilating  the  artery  and  attracting  the 
fluids  into  its  cavity  from  either  direction ;  while  its  subsequent 
contraction  causes  an  expulsion  of  its  contents  toward  every  points 
*  *     c(  The  heart  dilates  to  attract  the  necessary  materials  ; 

remains  fixed  while  using  what  it  has  drawn  into  it ;  and  contnicts 
when  discharging  its  superfluities.''  *  *  ♦  «  'pj^^  various  acts 
of  reception  and  delivery  are  thus  accomplished  by  the  cardiac 
movements  aided  by  the  valves,^^ 

"  The  functions  of  the  heart  and  blood  vessels  arc  insepanibly 
connected  with  the  act  of  res j)i ration."  *  *  *  u  The  prime 
object  of  respiration  is  the  introduction  of  the  pucutiut,  or  spirit^y 
the  characteristic  ingredient  of  arterial  blood." 

Recall  that  Erasistratus  and  the  Alexandrian  school  had  taught 
that  the  blood  might  pass  from  veins  to  arteries,  under  abnormal 
conditions,  wound  or  inflammation.  (Jalen  says,  "  T/w  arteries 
anaxfonume  with  the  reim  over  the  whole  hody,  and  they  mutually  re- 
crire  from  each  other  blood  and  spirits  (jiiyvj/m)  thromjh  vertaln  in- 
rimhle  and  extremely  minute  paMsa(/et<.^^  (l^assa^s,  in  the  tissue, 
and  in  the  intraventricular  septum.)  (Galenius,  Opera  Omnia, 
Vol.  III.,  p.  455.) 

Note  that  the  communication  of  the  veins  and  arteries  was  not 
an  observed  fact  in  Galen's  time,  but  an  hypothet^iH  to  aeeount  for 
ohserrefl  fads. 

For  the  influence  of  Galen's  doctrine  upon  medical  teaching  see 
General  Introduction. 
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5.  VESALIUS. 

Galen's  knowledge  of  anatomy  and  physiology  was  gained 
largely  from  his  surgical  operations  and  from  dissection  and  vivi- 
sections of  lower  animals.  Vesalius  founded  his  anatomy  upon 
the  human  body.  This  led  to  many  points  of  controversy  between 
Vesalius  and  Gralen  and  naturally  hindered  the  acceptance  of  the 
views  of  Vesalius  by  his  contemporaries  who  were  disciples  of 
Galen.  Vesalius  was  professor  of  anatomy  at  three  universities 
in  Italy  (Padua,  Bologna,  Pisa),  visiting  each  in  turn.  At  that 
time  anatomy  and  physiology  had  not  been  recognized  as  separate 
departments  of  biological  science.  Vesalius,  though  radical  in 
his  anatomy,  was  conservative  in  his  physiology,  accepting  the 
former  doctrines  with  slight  modifications.  He  did  not  accept 
without  question  Galen's  theory  that  the  venous  and  arterial  blood 
communicated  through  the  intra-ventricular  septum. 

Regarding  the  communication  between  diflferent  sets  of  vessels 
in  the  tissues  Vesalius  says :  "  The  branches  of  this  vein  (the 
vena  cava)  distributed  through  the  body  of  the  liver,  come  in  con- 
tact with  those  of  the  portal  vein  ;  and  the  extreme  ramifications 
of  these  veins  inoMciifaiv  irith  ea<*h  other ^  and  in  many  places  appear 
to  unite  and  be  continuous.  (Vesalius,  iJe  Humani  corporis 
fahrica.    Lib.  VI.,  Cap.  XV.) 

6.  SEBVETUS. 

This  unique  character  was  a  theologian,  lawyer,  and  physician 
by  education  though  he  never  successfully  practised  any  of  these 
professions.  In  both  theology  and  medicine  he  was  a  heretic  and 
l)ecausc  of  the  enthusiasm  of  his  heresy  he  scarcely  escaped  being 
classed  as  a  criminal  in  the  eyes  of  the  law.  The  great  work  of 
his  life  was  a  book  entitled  :  Christianismi  Reatitntioy  In  this 
book,  which  was  a  plea  for  the  restoration  of  Christianity  to  its 
original  form,  he  had  occasion  to  discuss  at  length  the  "  *  Divine 
Philosophy'  of  the  life  and  spirits  in  the  corporeal  frame.  After 
giving  the  usual  account  of  the  vital  spirits  as  produced  in  the 
heart,  and  th(^  animal  spirits  in  the  brain,  he  proceeds  to  explain 
how  it  is  that  the  life,  or  soul,  is  not  sedated  in  the  substance  of  the 
solid  organs,  but  in  the  blood,  and  that  the  life  itself  is  the  blood 
as  taught  by  Holy  Writ."  *  *  *  "It  [the  vitiU  spirit]  is  gen- 
erated from  the  mixture  made  in  the  lungs  between  the  inspired 
air  and  the  finely  elaborated  blood  which  the  right  ventricle  of  the 
heart  eomniunicates  to  the  left.  T/us  rommnniration,  however^  doe^ 
not  t(il:r  p/tfrc  tlinnujli  the  nudinn  trail  of  flir  heart,  an  commonly  be- 
/ien'd ;  hut,  hi/  a  f/rand  (h'rln\  the  rrfiiwd  hhod  is  driven  from  the 
rif/ht  rent  rich'  o/'  the  heart,  in  ft  h>n(/  ('(Hirse  throitf/h  the  lunffs.  By 
the  it  is  prepared,  asxinninr/  a  hrif/ht  color,  and  from  the  vena 
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nrteriom  \^  pulmonary  artery']  ut  (ramf erred  into  the  arteria  venosa 
[pulmonary  veim].^^    *    *  * 

"  By  means  of  the  same  device,  which  in  the  liver  makes  a 
transfusion  from  the  portal  vein  to  the  vena  cava  for  the  blood, 
there  is  in  the  lung  a  transfusion  from  the  vena  arteriosa  to  the 
arteria  venosa  for  the  spirit/'  (Servetus — Translated  by  Dal  ton.) 

"  His  account  of  the  mode  of  communication,  in  the  lungs,  be- 
tween the  two  sets  of  vessels  is  very  striking  ;  he  says  that  it  is  by, 
*  another  kind  of  vessel,  formed  from  the  vein  and  the  arterj^,'  as 
if  he  had  devined  the  existence  of  the  pulmonary  capillaries  " 
(Dalton). 

7.  COLOMBO. 

Colombo,  a  pupil  of  Vesalius,  demonstrated,  "  that  that  portion 
of  the  blood  which  was  to  replenish  the  arterial  system  passed 
from  the  right  side  [of  the  heart]  to  the  left  through  the  lungs, 
and,  furthermore  that  its  arterialization  took  place  in  these  organs^ 
and  not  in  the  ventricle.'' 

He  demonstrated  by  vivisection  that  the  pulmonary  veins  do 
not  pulsate.  He  did  not  know  of  the  branchial  arteries  and  sup- 
posed that  a  portion  of  the  blood  which  passed  to  the  lungs  from 
the  right  side  of  the  heart  went  for  the  noiu*ishment  of  the  lung 
substance. 

8.  FABBICUS. 

Hieronymus  Fabricus  demonstrated  the  existence  of  the  vaires 
as  "  a  general  feature  of  the  venous  system,  and  described  them 
in  such  a  way  that  there  was  no  longer  any  uncertainty  as  to  their 
reality  or  importance." 

All  the  dissections,  and  vivisections  and  speculations  of  the 
anatomists  and  physiologists  had  not,  up  to  the  end  of  tlie  seven- 
twmth  century,  revealed  the  fact  that  there  must  be  return  to  the 
eirculatory  centers — liver  and  heart  as  then  understood — from  the 
periphery,  but  the  veins  as  well  as  the  arteries'were  supposed  to 
ttirry  efferent  streams  into  peripheral  parts — le^s,  arms,  head. 
The  prodigious  inconsistencies  attending  this  theory  neither 
s<"emed  to  arouse*  question,  nor  to  incite  to  investigation. 

9.  HARVEY. 

In  1G28  William  Harvey  published  a  work  on  the  circulation 
(Harvey,  />  Motn  (hrdin  ct  Sanf/ulnis,    Frankfort,  1<)2S). 

In  this  remarkably  concise  and  conclusive  treatise  Harvey  suin- 
uiarizes  the  work  of  nine  years  of  investigation  on  the  eirculatiou. 
He  successfully  dcmonstnites : 

(l)  That  the  heart  passively  dilates  and  actively  (MMitracts  ;  (ii) 
thiit  the  auricles  contract  before  the  ventricles  do ;  (iii)  that  the 
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contraction  of  the  auricles  forces  the  blood  into  the  ventricles ; 
(iv)  that  arteries  "  have  no  '  pulsific '  power/'  i.  e.,  they  dilate 
passively,  "  since  the  pulsation  of  the  arteries  is  nothing  else  than 
the  impulse  of  the  blood  within  them  ; "  (v)  that  the  heart  is  the 
organ  of  propulsion  for  the  blood ;  (vi)  that  in  passing  from  the 
right  ventricle  to  the  left  auricle,  "  the  blood  transudes,  through  the 
pulmonary  parenchyma,  from  the  right  ventricle  of  the  heart  into 
the  arteria  venosa  (pulmonary  veins)  and  the  left  ventricle ;  (vii) 
that  the  quantity  and  rate  of  passage  of  blood  peripherally  from  the 
heart  makes  it  a  physical  necessity  that  most  of  the  blood  return 
to  the  heart ;  (viii)  that  the  blood  does  return  to  the  heart  by  way 
of  the  veins ;  Harvey  could  not  find  evidence  of  anastomosis  be- 
tween arteries  and  veins  and  did  not  believe  that  such  existed. 
He  believed  that  the  blood  filtered  through  the  timies. 

He  demonstrated  to  the  full  satisfiiction  of  most  of  his  colleagues 
that  the  blood  made  a  complete  circuit  of  the  arteries  and  veins 
propelled  by  the  heart,  /.  e.,  he  demonstrated  the  circulation  of  the 
blood. 

10.  MALPIGHU. 

Marcello  Malpighii,  made  professor  of  medicine  in  Bologna 
University  in  1661,  had  the  aid  of  a  microscope  and  was  therefore 
in  a  position  to  clear  up  the  problem  as  to  how  the  blood  passes 
from  the  arteries  to  the  veins.  Malpighii  demonstrated  the  capil- 
lary circulation  in  the  lung  of  a  frog. 
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THE  PHYSIOLOGY  OF  CIRCULATION. 

A.   CLASSIFICATION  OF  THE  FLUIDS,  TISSUES  AND 

ORGANS. 


Fluids  of  the  Circulatory  System. 


^Corpuscles  <^?^i,^ 


Blood. 


Lymph.' 


\ 


>  Plasma. 


\ 
\ 

lieucrtcvte^ 


TiM.sues  I 
or  De.str 


1  <•    .u    I.'       »t  (  Keil  Marrow  of 

and  Orsfans  for  the  tormation  )  ,       .  , 

,   ,     ^,  ,  Lviiiim  Glands. 

)e.stniction  ol  Corpuscles.  \  ' 


Corpuscles —  [  Ly  m  phocy  t  es.  ] 
Bones. 


Organs  of  Transmission  of  Fluids. 


Spleen. 


Of  Blood. 


r  Heart. 

J  Arteries. 

1  Capillar! 

V.  Veins. 


_       .     (  Lvniph-radicles. 
Of  Lvmph.  J  ... 
•    *  Lvmphatics. 


Organs  of  Control. 


^     Cranial  Centers 

"j  l*art8  of  V ago-Sympathetic  Syi 
V.    Vaso-Motor  Nerves. 


.-Cardiac. 
^Vaso-uiotor. 

'Stem. 


B.   THE  CIRCULATING  FLUIDS. 

1.   THE  BLOOD. 
I.   THE  PHYSICAL  PROPERTIES. 

1.  Physical  Constitution  of  the  Blood. — nr  blood  m  a 
VupiUh  The  fact  that  the  blood  is  not  transparent  leads  at  once 
to  the  conclusion  that  it  is  not  a  homogeneous  litjuid,  but  that  there 
arc  particles  held  in  suspension.  »Iohannes  Miiller  succeeded  in 
separating  the  licjuid  from  the  suspended  particles  by  filtration, 
l^efore  that  time,  however,  the  microscope  had  revealed  the  fact 
that  the  particles  were  corpuscles  or  cells, — highly  specialized 
cells,  h(>wever.  The  liquid  in  which  the  vorpuHvlen  are  suspended 
is  called  licpior  sanguinis  or  phismn.  There  are  three  methods  of 
procedure  in  separating  blood  into  its  physical  components  : 

((t)  Bv  Fii/i'HATiox. — .Fohannes  MiiUer  succeeded  in  filtering 
frog's  blood  after  achling  to  it  a  small  quantity  of  MgSO^  or 
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NOjSO^  or  J  per  cent,  sugar.  He  failed  to  filter  mammalian 
blood  after  the  same  method ;  but  Alex.  Schmidt  has  done  so  re- 
peatedly with  horse's  blood  if  proper  precautions  are  taken,  in- 
stantly subjecting  the  drawn  blood  to  0°C.,  mixing  with  20  per 
cent,  of  its  volume  of  Na^SO^ ;  and  filtering  after  an  hour  or  two. 


Fig.  83. 


3 

The  hematocrit.  The  attachment  at  the  upper  end  <»f  the  vrrtical  shaft  is  made  t<»  rotate 
at  a  apeed  of  70i)0  to  10000  jM'r  luluute  by  mean.xor  the  gear-work  ot"  thr  ho«ly  of  the  iustrunient. 
Kach  arm  of  th*»  nttatinj;  nttaehinent  is  provi<le(l  with  a  capillary  IuIm'  which  is  graduated  into 
100  dlTixioos.  If  the  tube  »>e  filltHl  with  bhMwl  and  rotatetl  for  2  or  :{  minutes  at  the  >i»eed  alM.ve 
Bientioot^  the  c<»rpuscleH  will  l)e  thrown  to  the  outer  end  and  the  volume  percent,  may  In-  nad 

on  th«  tube.    An  enlarged  view  of  tube  with  centrifugalized  hl«K»d. 

(h)  By  SrnsiDENCE. — If  the  blood  of  a  iniinimal, — especially 
of  a  horse, — be  mixed  lus  above  described,  with  20  per  cent,  of  its 
volume  of  saturated  solution  of  MjrSO,  or  Na^SO^  and  subjected 
instantly  to  freezing  temperature  it  is  found  that  the  coq)usclcs 
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will  sink  to  the  bottom  leaving  the  clear  plasma  above.  This  is 
facilitated  by  oiling  the  inner  surface  of  the  receptacle.  If  the 
conditions  are  very  favorable  the  blood  from  the  jugular  vein  of  a 
horse  may  separate  without  the  addition  of  the  salt  solution. 

(c)  By  Centrifugation. — If  the  blood  of  any  animal  be 
drawn  into  a  capillary  tube  and  instantly  subjected  to  centrifuga- 
tion  the  heavier  corpuscles  are  thrown  to  iie  outer  end  of  the 
tube  and  the  separated  plasma  and  corpuscles  may  be  quantitatively 
determined.  Fig.  83  shows  a  centrifuge  or  hsematocrit ;  a  speed 
of  7,000  to  10,000  rotations  per  minute  is  sufficient  to  throw  all  the 
corpuscles  to  the  outer  end  of  the  tubes  in  2  or  3  minutes.  The 
volume  per  cent,  may  be  read  off  on  the  graduated  capillary  tube, 

2.  Color. — ^The  color  of  the  blood  in  the  body  varies  from 
light  scarlet  in  the  arteries  to  a  dark  bluish-red  in  the  veins. 
Owing  to  the  physical  properties  mentioned  above  the  blood  is 
opaque — even  thin  layers  of  it  obstructing  the  light.  The  bright 
red  color  of  the  albino's  eyes  is  due  to  the  blood  of  the  central 
artery  of  the  retina — unobstructed  from  view  by  the  translucent 
iris.  The  pink  color  of  the  lips,  nails,  conjunctiva  and  oral 
mucous  membrane  in  health  is  due  to  the  blood.  If  the  blood  is 
lessened  in  quantity  as  in  anaemia  the  pink  gives  place  to  a  pale 
or  even  waxy  white  color ;  while  in  asphyxia  and  certain  serious 
heart  lesions  these  parts  take  on  a  ghastly  bluish  color. 

3.  Odor. — Any  one  who  has  been  present  at  a  slaughtering  has 
noticed  the  peculiar  odor  emitted  by  the  freshly  shed  blood.  This 
odor  is  somewhat  different  in  the  blood  of  different  animals  and 
is  due  to  the  presence  in  somewhat  varying  relative  amounts  of 
volatile  fatty  acids.  In  blood  which  has  been  shed  for  some  time 
the  odor  may  l)e  revived  by  liberating  these  volatile  fatty  acids 
with  concentrated  H^^SO^. 

4.  Taste. — Blood  has  a  saline  taste  due  to  the  salts  dissolved 
in  the  plasma. 

5.  Specific  Gravity. — The  specific  gravity  of  the  blood  as  a 
whole  is  105(5  to  1059  in  man,  and  1051  to  1055  in  woman  ;  in 
children  it  is  less  and  is  subject  to  greater  variations.  This  is  a 
composite  sp(»eific  gravity  made  up  of  plasma  1007  and  blood  cor- 
puscles 1 105.  It  is  due  to  this  difference  in  the  specific  gravity 
of  the  plasma  and  corpuscles  that  sejmration  by  sedimentation  or 
by  centrifugation  is  possible.  As  the  specific  gravity  of  the  blood 
has  some  clinical  importance  it  may  be  determined  as  follows 
(Jjandois) :  Take  10  small  beakers  each  containing  a  few  c.c.  of 
Na./SO,,  the  first  beaker  containing  a  solution  having  Sp.  Gr.  of 
1050,  the  next  1052,  and  so  on,  Ejc^t  a  small  drop  of  blood 
into  each  in  turn,  from  the  horizontiilly  placed  tip  of  a  pipette 
and  watch  the  results  :  if  it  sinks  in  1050,  remains  stationarj'  in 
1052  and  rises  in  1054,  the  Sp.  Gr.  is  1052. 


0 


THE  MORPHOLOGY  OF  THE  BLOOD,  133 

2.  THE  MOBPHOLOGT  OF  THE  BLOOD. 

a.  The  Red  Blood  Corpuscles. 

1.  Form. — ^The  red  blood  corpuscles  of  man  are  circular ^  bi- 
concave di^^. 

The  accompanying  figure  (Fig.  84)  shows  the  typical  corpuscles 
Fig.  84.  Fig.  85. 


Hamao  blood  oorpiuicles. 

rea  cori 


  __    red  corpuscles, 

flatwise;  6,  rea  corpuscles,  seen  edgewise; 
ff  white  corposcles.  (Dalton.) 


Red  globules  of  the  blrK>d,  adhering  together,  like 
rolls  ot  coin.  (Daltonj 


when  seen  under  the  most  favorable  circumstances,  floating  in 
fresh  plasma. 


Fig.  86. 


Fig.  87. 


Bed  corpuscles  of  the  blood,  shrunken,  with  their  Red  corpUMolos  of  hlood,  after  the  imbibition  of 
marginn  Dotched.    (Dalto5.)  water.  (Dalton.) 
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If  the  film  of  blood  is  somewhat  deep  and  the  glass  on  which  it 
is  spread  is  jarred  or  shaken  the  discs  readily  form  into  roulettes  like 
rolls  of  coins  (see  Fig.  85).  If  after  being  drawn  the  blood  is  ex- 
posed to  the  air  too  long,  or  if  the  plasma  be  diluted  with  a  hyper- 
istonic  fluid,  or  fluid  of  greater  density  than  the  plasma  the  red  cor- 
puscles become  crenated  as  shown  in  Fig.  86.  If  on  the  other  hand 
the  plasma  be  diluted  with  a  hypisotonic  fluid,  i.  e,,  of  less  density 
than  the  ])lasma,  the  corpuscles  at  once  sw^ell  and  assume  a  form 
shown  in  Fig.  87,  finally  becoming  quite  spherical.  If  pure  water 
be  used  the  hjemoglobin  will  be  gradually  dissolved  and  the  cor- 
puscles appear  bleached  out.  I^t  a  very  thin  film  of  blood  be 
"spread"  upon  a  cover  glass,  "fixed''  by  heating  at  100°  C, 
and  stained  with  a  fluid  of  the  following  formula  : 

(  Ehrlich-Bondi  powder  (Griibler)   1  gm. 

,  One-half  per  cent,  acid  Fuchsin   5  c.c. 

(  Acjua  dist  25  c.c. 

Most  of  the  red  corpuscles  of  the  field  will  have  the  form 
shown  in  Plate  I.  (1).  An  occasional  one  may  have  one  of  the 
other  forms  :  Normoblasts,  (2),  microblasts,  (3),  or  megaloblasts, 

2.  Size. — There  are  two  methods  of  determining  the  size  of  a 
microscopic  object,  (i)  Its  image  may  be  projected  uj)on  a  scale 
by  a  camera  lucida  and  the  dimensions  determined,  (ii)  A  much 
more  convenient  method  is  to  measure  directly,  objects  in  the  field 
of  the  microscope,  with  the  aid  of  an  eyepiece  micrometer.  By 
one  or  the  other — usually  the  latter — of  these  methods  the  aver- 
age diameter  of  the  red  blood  corpuscles  has  been  determined, 
and  is  7.7//,  or  7.7  micro-millimeters  [a  micro-millimeter  is  one- 
thousandth  of  a  millimeter].  It  has  been  found  that  there  is 
considerable  variation  in  these  dimensions,  measurements  of  nor- 
mal corpuscles  varying  from  6.7//  to  9.3//.  The  maximum 
thickness  of  a  red  blood  corpuscle  is  about  1.9  /i.  The  size  is 
somewhat  diminished  by  septic  fever,  asphyxia,  or  the  adminis- 
tration of  considerable  morphia ;  and  is  increased  by  alcoholism, 
quinine,  or  watery  condition  of  the  blood.  The  size  of  the  red 
blood  corpuscles  has  had  considerable  medico-legal  importance  ; 
but  tlu»  fact  that  the  corpuscles  of  animals  frequently  associated 
with  man  fall  within  the  limits  of  variation  of  human  corpuscles, 
has  led  to  a  general  distrust  of  this  evidence.  The  average  diam- 
eter of  the  red  blood  corpuscles  of  a  dog  is  7.3  //  (varying  from 

//  to  9  //),  of  a  cat  0.5  //  and  of  a  rabbit  6.9  //. 

3.  Number. — {a)  Thk  Instkumknts  Uskd  to  Count  the 
CoKPUsci.Ks. — The  total  number  of  corpuscles  can  only  be  esti- 
mated. The  number  pro  unit  volume  can  be  exactly  determined 
by  such  instruments  as  the  Gower's  Htemacytometer  or  the  Zeiss 
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blowl-eorpuscle  counter.  The  use  of  either  of  these  instruments 
involves  the  dilution  of  the  blood  with  a  known  quantity  of  some 
other  liquid.    Fig.  88  shows  a  Zeiss  counter  in  its  case.    The  in- 
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The  Thoma-Zeiim  bluod-couDt  r.  The  mixing  piixstto  in  which  oach  volnnio  of  blood  is 
diluted  to  100  to  200  volunieH.  A,  B  and  (\  plan  and  elevation  of  the  counting  slide. 


stniment  consists  of  a  diluting  pipette  and  a  ruled  slide  for  the 
microscope  stage.  In  diluting  the  blood  the  obstTver  draws  from 
a  fnwh  drop  of  blood  a  quantity  sufficient  to  fill  the  pipette  to  the 
line  marked  1,  then  a  quantity  of  the  diluting  fluid  sufficient  to 
fill  the  pipette  to  the  line  marked  101.  The  mixing  chamber  of 
the  pipette  am  tains  100  volumes  of  fluid,  one  of  which  is  blood. 
The  inner  circle  of  the  slide  is  ruled  into  squares  whose  sides  are 
2^  mm.  The  ring  surrounding  the  inner  circle  is  a  groove  whase 
office  is  to  receive  the  excess  of  blood  place<l  upon  the  inner  sur- 
face. 

The  quadrangular  plate  outside  of  the  groove  stands  -^^  mm. 
higher  than  the  ruled  circle.  When  a  cover-glass  rests  u|)on  the 
(|uadrangular  plate  it  incloses  over  each  square  of  the  ruled  circle 
a  volume  of  fluid  whose  dimensions  are  -^^  nini.x  -^-f^  mm.  x  -j^y 
mm.  ssj^j^  cubic  mm. 

(h)  Thk  Vsk  of  the  Zkiss  C()in»rs('i.K  Cot  ntkk. — One 
dilutes  the  blood  as  directed  above,  mixes  it  tlioroiighly  by 
shaking,  and  forces  out  a  drop  of  the  mixture  u\)on  the  ruled 
circle.  The  cover-glass  is  put  in  place,  tlie  slide  brought  under 
the  fo<*us  of  a  microscope  and  the  average  number  of  eorpuseles 
determined  in  each  square.  This  average  is  multiplied  by  400,- 
0(X)  to  get  the  numlwr  of  red  blood  corpuscles  in  one  eul>ie  milli- 
meter of  blood.  If  one  uses  pure  water  the  corpuscles  will  swell  ; 
if  one  uses  2  i^er  cent,  salt  solution  they  will  shrivel.  It*  the 
numlwr  alone  is  to  Ik»  determined  this  change  in  siz(»  is  (►f  little 
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inii)ortance,  and  one  may  dilute  with  a  2  per  cent,  solution  of 
sodium  chloride.  If,  however,  one  wishes  to  determine  number 
and  size  at  the  same  time  it  is  necessary  to  dilute  the  blood  with 
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Appi'arailoo  of  nlidc  under  about  500  diameters  magnification.  One  counts  all  corpaades 
which  lie  uiMin  the  right  and  lower  boundaries  of  each  square. 

a  fluid  which  will  not  extract  water  from  the  corpuscles,  i.  e. 
with  an  isotonic*  fluid.  Such  a  fluid  is  the  aqueous  humor  of  the 
eye,  which  may  he  collected  in  sufficient  quantity  in  sterilized 
pi]>cttes  from  fresh  ox-eyes,  using  one  pipette  for  each  eye.  More 
usual  is  blood  serum,  collected  from  a  clot.  The  difficulty  of 
having  these  fluids  always  at  hand  makes  the  use  of  an  "artificial 
scrum  "  most  advisable. 
Artificial  scrum  : 

Solution  of  j^uni  arabic  (sp.  gr.  1020)  20  c.c. 

X:i(  'l  (  "  )  30  cc. 

Na,S(),  (  "  )  30  c.c 

80  c  c. 

Using  this  fluid  one  may  with  an  eye-piece  viicronieter  and  a  Gower 
or  Zeiss  nmnfcr  determine  at  once  the  size  and  the  number  per 
unit  volume.  The  normal  average  number  of  red  blood  corpuscles 
per  ('ul)io  millimeter  of  blood  is,  in  man  5,000,000,  in  woman 
t,50(),()(M).  Ill  any  particular  specimen  of  blood  the  number  of 
red  blood  corpuscles  per  cubic  millimeter  will  vary  with  varying 
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proportions  of  plasma  and  corpuscles.  It  follows  then  that  any- 
thing which  tends  to  increase  the  volume  of  the  blood  plasma  will 
decrease  the  number  of  corpuscles  per  cubic  millimeter  of  blood  ; 
while  anything  which  tends  to  decrease  the  volume  of  the  plasma 
will  increase  the  number  of  corpuscles  per  cubic  millimeter  of 
blood;  L  the  relative  number  of  red  blood  corpuscles  varies 
inversely  as  the  amount  of  plasma.  The  relative  number  of  red 
blood  corpuscles  will  be  increased  by  the  passage  of  the  blood 
through  cutaneous  arterioles  and  capillaries,  after  use  of  solid 
food,  and  after  free  perspiration,  diuresis  or  diarrhoea.  The  rela- 
tive number  of  red  blood  corpuscles  will  be  decreased  by  the 
passage  of  the  blood  through  intestinal  capillaries  after  a  fluid 
meal ;  also  by  any  causes  leading  to  sudden  decrease  in  perspira- 
tion or  excretion  of  water  from  the  kidneys. 

If  the  corpuscles  do  not  vary  in  size  it  is  clear  that  in  succes- 
sive examinations  of  the  blood  of  the  same  individual  the  propor- 
tions of  red  corpuscles  found  by  centrifugation  will  be  approxi- 
mately proportional  to  the  number  per  cubic  millimeter.  If  the 
corpuscles  vary  in  size  the  number  will  not  be  proportional,  an 
increase  in  number  being  accompanied  by  a  corresponding  decrease 
in  size. 

(6)  The  White  Blood  Corpuscles  or  Leueocytes. 

These  cells  are  composed  of  unmodified  protoplasm.  They  are 
wholly  unspecialized  and  are  the  potential  equivalents  of  a  primi- 
tive unicellular  animal ;  e,  g.,  the  amoeba.  They  are  identical 
with  the  lymph  corpuscles  and  with  the  wandering  connective 
tissue  cells.  In  summing  up  their  physical  and  morphological 
characters  Landois  says :  "  These  cells  consist  of  more  or  less 
spherical  masses  of  protoplasm  which  is  sticky,  highly  refractile, 
soft,  mono-  or  multi -nucleated,  capable  of  araceboid  movement 
and  devoid  of  an  envelope  [cell  membrane]."  They  vary  much 
in  size — 4  /i  to  13  /t — as  well  as  in  numerical  proportion  to  the 
red  blood  corpuscles,  the  average  proportion  being  1  to  350.  This 
projjortion  is  increased  during  pregnancy,  after  parturition,  and  is 
very  much  decreased  by  fasting.  This  proportion  may  be  de- 
termined while  making  a  count  of  the  red  corpuscles.  It  is  neces- 
sary to  stain  the  white  corpuscles  in  order  to  be  able  to  readily 
distinguish  them  from  the  red.  To  this  end  Toisson\s  solution 
is  used  as  a  diluting  fluid. ^ 
*  Toimon*8  solation  : 


Methyl  violet  5  b.  O-io 

XaCl    1 

Na^)^   H 

(ilyecnne    SO 

Aqua  d'lsU  q.  8.  ad  200 
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This  is  to  be  used  1-200 ;  /.  e.,  fill  the  diluting  pipette  to  the  line 
0.5,  instead  of  1,  with  blood  before  diluting. 

The  abnormal  increase  in  the  relative  number  of  leucocytes  is 
characteristic  of  the  disease  leukaemia ;  and  may  be  associated 
with  other  affections  of  the  blood  or  bl<x)d-forming  organs. 

The  minute  structure  of  the  leucocyte  is  not  revealed  to  the  eye 
without  the  use  of  some  system  of  differential  staining.  To 
Ehrlich  we  are  indebted  for  the  first  systematic  work  in  this  field. 
He  found  that  granules  in  the  cytoplasm  reacted  differently  to 
acid,  neutral  and  basic  stains.  The  granules  which  take  the  acid 
stain,  eosin,  he  called  eosinophiles,  those  which  take  the  neutral 
dyes  he  called  neutrophUes,  and  so  on,  differentiating  different 
classes  of  granules.  As  the  subject  was  studied  it  was  found  that 
classification  of  the  leucocytes,  according  to  their  reaction  to  the 
stains,  is  convenient  and  valuable  clinically.  The  term  eosino- 
phile  and  neutrophile  has  come  to  be  applied  to  the  leucocyte  and 
not  to  the  granules  alone.  The  most  common  leucocyte  is  the 
polymorpho-nuclear  neutrophile,  or  simply  neutrophile;  also  found 
sparingly  in  normal  blood  is  the  eoninophile.  The  accompanying 
plate  (Plate  II.)  gives  the  varieties  of  leucocytes. 

There  may  an  abnormal  proportion  of  the  normal  leucocytes 
or  there  may  be  an  appearance,  in  considerable  numbers,  of  the 
rarer  forms  of  leucocyte.  This  subject  is  discussed  in  eoctenno  in 
the  clinical  treatises  on  the  blood. 

r.  Other  Morphotic  Elements  of  the  Blood. 

1.  Blood  Platelets  of  Bizzozero  are  ''pale,  colorless;  oval, 
round  or  lenticular  discs  of  variable  size" — ^av.  3  fx — whose 
origin,  function  and  destiny  are  yet  under  discussion,  and  the 
confusion  of  theories  makes  it  unsafe  to  venture  an  opinion.  Tliis 
much,  however,  seems  certain  :  The  plates  disintegrate  directly 
after  the  shedding  of  blood,  and  inasmuch  as  the  microscope  re- 
veals little  cluni])s  of  the  granular  d6bris  of  the  plates  where  the 
fibrin  fibrils  cross,  the  theory  that  these  problematic  bodies  are 
active  agents  in  coagulation  seems  to  have  a  justifiable  basis.  The 
part  tin  y  play  is  ])robal)ly  to  furnish  one  source  of  the  fibrin  ferment. 

2.  Elementary  Oranules  are  minute  particles  of  proteid  matter 
l)r()l)al)ly  arising  from  the  disintegration  of  white  corpuscles  or  of 
the  blood-platelets. 

1ir.  THE  CHEMICAL  PROPERTIES  OF  THE  BLOOD. 

a.  Chemical  Composition. 

Analysis  of  tlie  1)1()(k1  i)roves  it  to  be  coniposed  of  775  to  800 
parts  of  water  and  200  to  22')  parts  of  solids.    The  solids  are 
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192  to  21  Imparts  of  organic  and  7  to  8  parts  of  inorganic  matter. 
The  organic  matter  is  composed  of  hsemoglobiu,  of  proteids,  fats, 
and  traces  of  sugar,  while  the  inorganic  matter  is  composed  of 
NaCl,  KCl,  NaHC03,  Na,HPO,,  CaHPO,,  CaSO,,  MgCl^,  etc. 

The  best  idea  of  the  chemical  composition  of  the  blood  as  a 
whole  may  be  obtained  by  first  separating  the  blood  into  plasma 
«nd  corpuscles  by  centrifugation,  and  then  analyzing  each  sepa- 
rately. Human  blood  so  treated  would  give  approximately  the 
Pesalts  recorded  in  the  following  table,  which  is  the  result  of  an 
analysis  reported  by  Halliburton  : 


Water  90.2W 


Plasma  Av. 


Max.  567. 
Mio.  456. 


Take  100 
{larts. 


Corpusmlc*. 

Av.  4>Vi. 

Max.  54.4^. 

MlD.  43.3;*. 

Take  100 
partj*. 


Solids 


Organic 
8.S6^ 


I u organic 
0.85?J 


rSonim  Alhuniiu  ) 
Proteids    Serum  Cilobuliii  ]" 
(Fibrin   

Extractionn:  Fats,  etc.  


Soluble 
Salts. 


iDHoluble 
Salts. 


NaCl 
KCl 

NaHCOa 
Na.HPO^ 

(  CallPO^ 

\  CaSO, 


Water. 


SolidH 
31.2^ 


Organic 
.'30.4 


Inorganic 
O.Si 


Proteids 
29.795S. 


Hienio- 
globin 
27 

Globulin. 


Ha^nia-  f 
tin  \ 

Globulin 


Fe. 


7.9  5i 
0.4 

0.56^J 


.  0.85X 

100.00 

68.805{ 

27.36ji 
2.43jf 


Fats. 


(  lx?cithin  ) 
\  Ch«)le»terin  ) 


O.Cljf 


KCl 
NaCl 
MgCU 
CaHPO^ 

Fe.  [See  Hieiiiatiii.] 


Refusion, — The  reaction  of  the  blood  arises  not  from  any  pecu- 
liarity of  the  corpuscles  but  from  the  plasma.  This  fluid  is  a 
complex  one  and  among  other  constituents  contains  XaJIPO,  and 
NaHCX)j  which  give  it  an  alkaline  reaction  in  freshly  shed  blood  ; 
but  shed  blood  rapidly  loses  its  alkalinity. 

The  average  alkalinity  of  the  blood  is  ccjual  to  that  of  a  0.2  per 
cent,  solution  of  sodium  hydrate.  The  rcai^tioii  of  the  blood  may 
be  qualitatively  determined  by  placing  a  drop  upon  the  surface  of 
a  plaster  of  Paris  disc  which  has  been  impregnated  with  neutral 
litmus.  If  after  a  moment's  contact  the  blood  be  wiped  off  the 
faint  blue  will  be  seen.  The  alkalinity  of  the  blood  may  be  de- 
creaj^  during  health  by  (i)  great  muscular  exertion,  and  (ii)  by 
exposure  of  the  blood  to  the  conditions  of  coagulation.  Patlio- 
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2.   THE  MOBPHOLOGY  OF  THE  BLOOD. 

a.  The  Red  Blood  Corpuscles. 

1.  Form. — ^The  red  blood  corpuscles  of  man  are  circular ,  bi- 
concave  discs. 

The  accompanying  figure  (Fig.  84)  shows  the  typical  corpuscles 


Fig.  84.  Fio.  85. 


Haaao  blood  corpuncles.     «,   red  corpuscles,         Red  globules  of  the  blood,  adhering  together,  like 

!>«   ^'^J  corpuscles,  seen  edgewise;      rolls  of  coin.  (Daltox.j 

*wte  corpuscles.   (  Da  lton.  ) 


when  seen  under  the  most  favorable  circumstances,  floating  in 
fresh  plasma. 

Fio.  86.  Fio.  87. 


Bed  cnrpasclefl  of  the  blood,  shrunken,  with  their  Red  c<»rpuselc«<  of  bhrnd,  after  the  imbibition  of 
■arfiBs  notcbed.    (Dalto.x.)  water.  (Daltox.) 
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If  the  film  of  blood  is  somewhat  deep  and  the  glass  on  which  it 
is  spread  is  jarred  or  shaken  the  discs  readily  form  into  roulettes  like 
rolls  of  coins  (see  Fig.  85).  If  after  being  dra>vn  the  blood  is  ex- 
l>osed  to  the  air  too  long,  or  if  the  plasma  be  dihited  with  a  hyper- 
istonic  fluid,  or  fluid  of  greater  density  than  the  plasma  the  red  cor- 
puscles become  crenated  as  shown  in  Fig.  86.  If  on  the  other  hand 
the  plasma  be  diluted  with  a  hypisotonic  fluid,  i.  e, ,  of  less  density 
than  the  plasma,  the  corpuscles  at  once  swell  and  assume  a  form 
shown  in  Fig.  87,  finally  becoming  quite  spherical.  If  pure  water 
be  used  the  hemoglobin  will  l)e  gradually  dissolved  and  the  cor- 
])uscles  appear  bleached  out.    I^et  a  very  thin  film  of  blood  be 

spread''  ujKjn  a  cover  glass,  "fixed"  by  heating  at  100°  C, 
and  stained  with  a  fluid  of  the  following  formula  : 

(  Ehrlich-Bondi  powder  (Grubler)   1  gm. 

<  One-half  per  cent,  acid  Fuchsin   5  c.c. 

(  Aqua  dist  25  c.c. 

Most  of  the  red  corpuscles  of  the  field  will  have  the  form 
shown  in  Plate  I.  (1).  An  occasional  one  may  have  one  of  the 
other  forms  :  Normoblasts,  (2),  microbhists,  (3),  or  megaloblasts, 

(•*)• 

2.  Size. — There  are  two  methods  of  determining  the  size  of  a 
microscopic  object,  (i)  Its  image  may  be  projected  upon  a  scale 
by  a  camera  lucida  and  the  dimensions  determined,  (ii)  A  much 
more  convenient  method  is  to  measure  directly,  objects  in  the  field 
of  the  microscope,  with  the  aid  of  an  eyepiece  micrometer.  By 
one  or  the  other — usually  the  latter — of  these  methods  the  aver- 
age diameter  of  the  red  blood  corpuscles  has  been  determined, 
and  is  7.7  or  7.7  micro-millimeters  [a  micro-millimeter  is  one- 
thousandth  of  a  millimeter].  It  has  been  found  that  there  is 
considerable  variation  in  these  dimensions,  measurements  of  nor- 
mal corpuscles  varying  from  6.7  ji  to  9.3  ji.  The  maximum 
thickness  of  a  red  blood  corpuscle  is  about  1.9  The  size  is 
somewhat  diminished  by  septic  fever,  asphyxia,  or  the  adminis- 
tration of  considerable  morphia ;  and  is  increased  by  alcoholism, 
quinine,  or  watery  condition  of  the  blood.  The  size  of  the  red 
blood  corpuscles  has  had  considerable  medico-legal  importance ; 
but  the  fact  that  the  corpuscles  of  animals  frequently  associated 
with  man  fall  within  the  limits  of  variation  of  human  corpuscles, 
has  led  to  a  general  distrust  of  this  evidence.  The  average  diam- 
eter of  the  red  blood  corpuscles  of  a  dog  is  7.3  ft  (varying  from 
().(]  ft  to  9  /i),  of  a  cat  G.5  //  and  of  a  rabbit  6.9  ji. 

3.  Number. — {n)  Thk  IxsTurMENTs  1>ei)  to  Count  the 
C()Hi»rs(  LEs. — The  total  number  of  corpuscles  can  only  be  esti- 
mated. The  number  pro  unit  volume  can  be  exactly  determined 
by  such  instruments  as  the  Gower's  Hiemacytometer  or  the  2ieiss 
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blood-corpuscle  counter.  The  use  of  either  of  these  instruments 
involves  the  dilution  of  the  blood  with  a  known  quantity  of  some 
other  liquid.    Fig.  88  shows  a  Zeiss  counter  in  its  case.    The  in- 


Ficj.  88. 


The  Thoma-Zei.'tN  blood-count  r.  The  mixing  piiwtto  in  which  each  volume  of  blood  is 
dilated  to  100  to  200  volumes.  A,  B  and  (\  plan  and  elevation  of  the  counting  »Iide. 


strument  consists  of  a  diluting  pipette  and  a  ruled  slide  for  the 
microscope  stage.  In  diluting  the  blood  the  obsc^rver  draws  from 
a  fresh  drop  of  blood  a  quantity  sufficient  to  fill  the  pipette  to  the 
line  marked  1,  then  a  quantity  of  the  diluting  fluid  sufficient  to 
fill  the  pipette  to  the  line  marked  101.  The  mixing  chamber  of 
the  pipette  contains  100  volumes  of  fluid,  one  of  which  is  blood. 
The  inner  circle  of  the  slide  is  ruled  into  squares  whose  sides  are 
^  mm.  The  ring  surrounding  the  inner  circle  is  a  groove  whose 
office  is  to  rec*eive  the  excess  of  blood  placed  ui)on  tlie  inner  sur- 
fisice. 

The  quadrangular  plate  outside  of  the  groove  stands  -^^  nmi. 
higiier  than  the  ruled  circle.  When  a  cover-glass  rests  ujxjn  the 
({uadrangular  plate  it  incloses  over  each  square  of  the  ruled  circle 
a  volume  of  fluid  whose  dimensions  are  7>^^  mni.x  n^n.  x  y\y 
mm.  =s  T-^jsjs  <'Ubic  mm. 

iff)  The  I'^sE  OF  THK  Zeiss  C'ohpuscle  Coi  nteh. — One 
dilutes  the  blood  as  directed  above,  mixes  it  thoroughly  by 
shaking,  and  forces  out  a  drop  of  the  mixture  upon  the  ruled 
circle.  The  cover-glass  is  put  in  place,  the  slide  l)r()utj:ht  under 
the  focus  of  a  microscope  and  the  average  number  of  eorpusclc^s 
determined  in  each  scpiare.  This  average  is  multiplied  l)v  400,- 
<K)0  to  get  the  number  of  red  l)l(K)d  corpuscles  in  one  eubie  milli- 
meter of  blood.  If  one  uses  pure  water  the  corpuscles  will  swell  ; 
if  one  uses  2  i)er  cent,  salt  solution  they  will  shrivel.  11"  the 
numl)er  alone  is  to  be  determined  this  change  in  size  is  of  little 
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importance,  and  one  may  dilute  with  a  2  per  cent,  solution  of 
sodium  chloride.  If,  however,  one  wishes  to  determine  number 
and  size  at  the  same  time  it  is  necessary  to  dilute  the  blood  with 


Fig.  89. 


I 

A-- 

) 

1 

o  ' 

o 

'o  « 

^  

1 

(  ( 

o 

°  0 

o 

Q 

o 

—A 

0 

o 

o 

o 

— ■  ■&  ■ 

0  0 

O  1 

o 

o 

®G 
*  0 

o 

O 

O  0 

o 

o 

o 

o  □ 

— © — < 

°  0 
0  0 

o 

V 

0 

o 

o 

0 

0 

o 

o 

D 

— -0- 

o 

0 

o 

^  0 

o 

o  o 

o  ' 

n  0 

0 

o  ° 

o 

O  ! 

o 

^     o  o 

ac 

o 

Q 

o 

o 

o 

0 

o 

o 

Q  o 

O 
Q 
Q 

O 

o 

^  o 

0  ° 

0  o 

O  o 

o 

o  ^ 
o 

o 

o  ' 
o  °< 

c 

o 

'  o 

0  o 

o 

D 

C 

o 

o 

o 

D 

o  o 
o 

o  o   o  < 
o  o 
□  o 

Q 

!  O* 

0 

o 
o 

O 

"  o 

O    o  ° 

o  «> 

o 

o 

o 

O 

a  < 

O  D 

o 

o  0 
o 

o 

o 

o 

1 

!* 

Appearance  of  slide  under  about  500  diameters  magnification.  One  counts  all  corpuscles 
wbicn  lie  u|)on  the  right  and  lower  boundariet^  of  each  square. 


a  fluid  which  will  not  extract  water  from  the  corpuscles,  i.  e, 
with  an  isotonic  fluid.  Such  a  fluid  is  the  aqueous  humor  of  the 
eye,  which  may  be  collected  in  sufficient  quantity  in  sterilized 
l)ipettes  from  fresh  ox-cyes,  using  one  pipette  for  each  eye.  More 
usual  is  blood  serum,  collected  from  a  clot.  The  difficulty  of 
having  these  fluids  always  at  hand  makes  the  use  of  an  "  artificial 
serum most  advisable. 
Artificial  serum  : 

Solution  of  pfum  arable  (sp.  gr.  1020)  20  c.c. 

NaCl  (  )  30  c.c. 

Na.,SO,  (  )  30  c.c. 

80  c.c. 

Using  this  fluid  one  may  with  an  eye-])iece  micrometer  and  a  Gower 
or  Zeiss  counter  determine  at  once  the  size  and  the  number  per 
unit  volume.  The  normal  average  number  of  red  blood  corpuscles 
per  cubic  millimeter  of  blood  is,  in  man  5,000,000,  in  woman 
4,oO(),()()0.  In  any  particular  specimen  of  blood  the  number  of 
red  blood  corpuscles  per  cubic  millimeter  will  vary  with  varying 


THE  WHITE  BLOOD  CORPUSCLES  OR  LEUCOCYTES,  137 


proportions  of  plasma  and  corpuscles.  It  follows  then  that  any- 
thing which  tends  to  increase  the  volume  of  the  blood  plasma  will 
decrease  the  number  of  corpuscles  per  cubic  millimeter  of  blood  ; 
while  anything  which  tends  to  decrease  the  volume  of  the  plasma 
will  increase  the  number  of  corpuscles  per  cubic  millimeter  of 
blood;  I.  e.,  the  relative  number  of  red  blood  corpuscles  varies 
inversely  as  the  amount  of  plasma.  The  relative  number  of  red 
blood  corpuscles  will  be  increased  by  the  passage  of  the  bloo<l 
through  cutaneous  arterioles  and  capillaries,  after  use  of  solid 
food,  and  after  free  perspiration,  diuresis  or  diarrhoea.  The  rela- 
tive number  of  red  blood  corpuscles  will  be  decreased  by  the 
passage  of  the  blood  through  intestinal  capillaries  aft«r  a  fluid 
meal ;  also  by  any  causes  leading  to  sudden  decrease  in  perspira- 
tion or  excretion  of  water  from  the  kidneys. 

If  the  corpuscles  do  not  vary  in  size  it  is  clear  that  in  succes- 
sive examinations  of  the  blood  of  the  same  individual  the  propor- 
tions of  red  corpuscles  found  by  centrifugation  will  be  approxi- 
mately proportional  to  the  number  per  cubic  millimeter.  If  the 
corpuscles  vary  in  size  the  number  will  not  be  proportional,  an 
increase  in  number  being  accompanied  by  a  corresiK)nding  decrease 
in  size. 

(6)  The  White  Blood  Corpuscles  or  Leucocjrtes. 

These  cells  are  comiK)sed  of  unmodified  protoplasm.  They  are 
wholly  unspecialized  and  are  the  potential  equivalents  of  a  primi- 
tive unicellular  animal ;  e.  the  am(i»ba.  They  are  identical 
with  the  lymph  corpuscles  and  with  the  wandering  connective 
tissue  cells.  In  summing  up  their  physical  and  morphological 
characters  I^andois  says:  These  cells  consist  of  more  or  less 
{spherical  masses  of  pn)toplasm  which  is  sticky,  highly  rcfractilc, 
soft,  mono-  or  multi-nucleated,  capable  of  amceboid  movement 
and  devoid  of  an  envelojKJ  [cell  membrane].''  They  vary  much 
in  size — 4/itol3/i — ^as  well  as  in  numerical  proportion  to  the 
red  blood  corpuscles,  the  average  proportion  being  1  to  SoO.  This 
projwrtion  is  increased  during  pregnancy,  after  parturition,  and  is 
very  much  decreascnl  by  fasting.  This  proportion  may  be  de- 
termined while  making  a  count  of  the  red  corpuscles.  It  is  neces- 
sarj'  to  stain  the  white  corpuscles  in  order  to  be  al)le  to  readily 
distinguish  them  from  the  hkI.  To  this  end  ToissonV  solution 
is  used  as  a  diluting  fluid.^ 
■Toimon^s  Rolution  : 


Methvl  violet  5  b  Olio 

NaCf   1 

Xa/^)^   s 

<flyix»nne    30 

Aqua         q.  f*.  ad  200 
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This  is  to  be  used  1-200 ;  /.  c,  fill  the  diluting  pipette  to  the  line 
O.o,  instead  of  1,  with  blood  before  diluting. 

The  abnormal  increase  in  the  relative  number  of  leucocytes  is 
characteristic  of  the  disease  leuksemia;  and  may  be  associated 
with  other  affections  of  the  blood  or  blood-forming  organs. 

The  minute  structure  of  the  leucocyte  is  not  revealed  to  the  eye 
without  the  use  of  some  system  of  differential  staining.  To 
Ehrlich  we  are  indebted  for  the  first  systematic  work  in  this  field. 
He  found  that  granules  in  the  cytoplasm  reacted  differently  to 
acid,  neutral  and  basic  stains.  The  granules  which  take  the  acid 
stain,  eosin,  he  called  eosinophilesy  those  which  take  the  neutral 
dyes  he  called  neutrophilcs,  and  so  on,  differentiating  different 
classes  of  granules.  As  the  subject  was  studied  it  was  found  that 
classification  of  the  leucocytes,  according  to  their  reaction  to  the 
stains,  is  convenient  and  valuable  clinicidly.  The  term  eosino- 
phile  and  neutrophile  has  come  to  be  applied  to  the  leucocyte  and 
not  to  the  granules  alone.  The  most  common  leucocyte  is  the 
polymorpho-nuclcar  neutrophile,  or  simply  neutrophile  ;  also  found 
sparingly  in  normal  blood  is  the  eminophik.  The  accompanying 
plate  (Plate  II.)  gives  the  varieties  of  leucocytes. 

There  may  be  an  abnormal  proportion  of  the  normal  leucocytes 
or  there  may  be  an  appearance,  in  considerable  numbers,  of  the 
rarer  forms  of  leucocyte.  This  subject  is  discussed  in  extemo  in 
the  clinical  treatises  on  the  blood. 

c.  Other  Morphotic  Elements  of  the  Blood. 

1.  Blood  Platelets  of  Bizzozero  are  "pale,  colorless;  oval, 
round  or  lenticular  discs  of  variable  size" — av.  3  ji — whose 
origin,  function  and  destiny  arc  yet  under  discussion,  and  the 
confusion  of  theories  makes  it  unsafe  to  venture  an  opinion.  This 
much,  however,  seems  certain  :  The  plates  disintegrate  directly 
after  the  shedding  of  blood,  and  inasmuch  as  the  microscope  re- 
veals little  clumps  of  the  granular  d6bris  of  the  plates  where  the 
fibrin  fibrils  cross,  the  theory  that  these  problematic  bodies  are 
active  agents  in  coagulation  seems  to  have  a  justifiable  basis.  The 
part  they  play  is  probably  to  furnish  one  source  of  the  fibrin  ferment. 

2.  Elementary  Granules  are  minute  particles  of  proteid  matter 
probably  arising  from  the  disintegration  of  white  corpuscles  or  of 
the  blood-platelets. 

HI.  THE  CHEMICAL  PROPERTIES  OF  THE  BLOOD. 

a.  Chemical  Composition. 

Analysis  of  the  blood  proves  it  to  be  composed  of  775  to  800 
parts  of  water  and  200  to  22o  j>arts  of  solids.    The  solids  are 
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192  to  21  Imparts  of  organic  and  7  to  8  parts  of  inorganic  matter. 
The  organic  matter  is  composed  of  haemoglobin,  of  proteids,  fats, 
and  traces  of  sugar,  while  the  inorganic  matter  is  composed  of 
NaCI,  KCl,  NaHCO^,  Na^HPO,,  CaHPO,,  CaSO,,  MgCl^,  etc. 

The  best  idea  of  the  chemical  composition  of  the  blood  as  a 
whole  may  be  obtained  by  first  separating  the  blood  into  plasma 
and  corpuscles  by  centrifugation,  and  then  analyzing  each  sepa- 
rately. Human  blood  so  treated  would  give  approximately  the 
i^ults  recorded  in  the  following  table,  which  is  the  result  of  an 
analysis  reported  by  Halliburton  : 


r  Water  90.29,t 


Ploitnia  Av. 

Max.  rsi. 

Min.  456. 

Take  100 
|iartd. 


Solids 
9.71^ 


Organic 


luorganie 


rseniiii  Anniinin  \ 
Proteids    Si'runi  Ohibiilin  ) 
(Fib  • 


  ^ 

ibriii   0.4  5i 

Extract iun9  ;  Fats,  etc.  O-.W^i 


^  f  NaCI 

I  Soluble  I  KCl 

I        Salt.s.  1  NaHCOa 

S  I  Na.HPO, 

I  lD.soluble  f  CaHI»(\ 

^      SaltB.  \  CaSO^ 


O.Sojj 


100.00 


Corpuscles. 

Max.  54.4^. 

Miu.  4.3.3:f. 

Take  100 
I>artj(. 


Water   dS.SOf 


Sol  ids 
31.2^ 


Organic 
30.4 


Inorganic 
0.8 » 


Proteids 
•29. 79^. 


Hienio-  f  Hn?nia-  f 
gb.bin  I  tin 


27.363i 

Globulin 
(Jlobulin   2.435J 


Kats  /  lA'cithin  ) 
lais.     ioiiolesterin  / 


KCl 
NaCI 
MgCI, 
CallPO^ 
Mg,(n)J, 

Fe.  [StM*  HaMiiatin. 


O.Gl^ 


ReaHion. — The  reaction  of  the  blood  arises  not  from  any  pecu- 
liarity of  the  corpuscles  but  from  the  plasma.  This  fluid  is  a 
complex  one  and  among  other  constituents  contains  Xa^,HPO^  and 
NaHC'O,  which  give  it  an  alkaline  reaction  in  freshly  shed  blood  ; 
but  shed  blood  rapidly  loses  its  alkalinity. 

The  average  alkalinity  of  the  blood  is  equal  to  that  of  a  0.2  j)er 
cent,  solution  of  sodium  hydrate.  The  reaction  of  the  blood  may 
be  (jualitatively  determined  by  placing  a  drop  upon  the  surfaw  of 
a  plaster  of  Paris  disc  which  has  been  impregnat<Hl  with  iK'utral 
litmus.  If  after  a  moment's  contiict  the  blood  be  wiped  off  the 
faint  blue  will  be  seen.  The  alkalinity  of  the  blood  may  be  de- 
crea.sed  during  health  by  (i)  great  muscular  exertion,  and  (ii)  by 
exposure  of  the  blood  to  the  conditions  of  coagulation.  Patho- 
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logically  the  alkalinity  of  the  blood  may  be  increased  by  persistent 
vomiting,  and  decreased  by  (i)  anaemia,  (ii)  unemia,  (iii)  rheimia- 
tism,  (iv)  high  fever,  (v)  diabetes,  (vi)  cholera. 

The  quantitative  determination  of  the  d^ree  of  alkalinity  of  the 
blood  becomes  a  matter  of  some  clinical  importance.  The  chem- 
ical composition  of  the  blood  is  remarkably  constant  considering 
the  complexity  of  its  composition  and  the  complexity  of  the  proc- 
esses involved  in  its  rejuvenation  and  the  complexity  of  the  proc- 
esses which  free  it  of  waste  products.  Through  excess  of  inor- 
ganic salts  in  the  food  a  temporary  excess  of  those  salts  may  exist 
in  the  blood ;  but  the  increased  endosmosis  of  fluids  and  the  in- 
creased excretion  of  urine  and  perspiration  very  soon  carry  off  the 
excess  of  salts  and  water  and  restore  equilibrium.  Excess  of  fats 
and  carbohydrates  is  deposited  in  the  form  of  fat,  thus  restoring 
very  readily  the  equilibrium  in  thfe  blood,  but  leading  eventually 
to  an  excess  of  fat  deposit  in  the  system. 

Excess  of  proteids  may  be  broken  up,  fats  formed  from  the  car- 
bonaceous portion  and  deposited  in  that  form.  On  the  other 
hand  a  deficient  supply  of  any  of  these  may  be  for  a  short  time  over- 
come by  the  use  of  reserve  materials ;  but  sooner  or  later  the  de- 
ficiency will  manifest  itself  in  various  disturbances  of  the  general 
nutrition.  Experience  has  proven  that  that  constituent  of  the 
blood  most  important,  from  a  clinical  standpoint,  is  the  haemoglo- 
l)in.  The  only  function  of  hfiemoglobin  is  to  transfer  oxygen 
from  the  lungs — the  scat  of  external  respiration, — to  the  cells, — ^the 
seat  of  internal  respiration  ;  and  though  the  plasma  assists  in  this 
function  it  is  quite  insufficient  alone  and  in  fact  a  small  decrease 
in  the  hiemoglobin  is  soon  attended  by  a  disturbance  in  general 
nutrition  throujifh  lack  of  a  proj)er  supply  of  oxygen  to  the  active 
cells,  /.  e.,  cells  of  secretion  and  excretion  as  well  as  muscle  and  nerve 
cells.  Moreover,  the  important  part  that  iron  plays  in  the  func- 
tions of  haemoglobin,  the  great  difficulty  with  which  iron  is  as- 
similated, together  with  the  imjK)rtant  proteid  constituents  of  haemo- 
globin make  that  compound  a  most  sensitive  and  reliable  index  of 
the  general  nutrition  both  as  to  organic  and  inorganic  compounds. 
It  is,  then,  a  matter  of  the  greatest  clinical  importance  to  be  able  to 
determine  with  reasonable  accuracy  the  amount  of  haemoglobin 
present  in  the  blood. 

b.  Quantitative  Determination  of  Hsemoglobin. 

1 .  Dry  Haemoglobin  contains  about  0.42  per  cent,  of  Fe.  All 

the  iron  of  the  l)l()od  is  in  the  htemoglobin.  It  therefore  follows 
that  the  ([uantity  of  the  iron  in  the  ash  of  a  weighe<l  quantity  of 
blood  is  an  exact  index  of  the  quantity  of  haemoglobin  present. 
This  method  is  very  valuable  for  certain  physiological  investiga- 
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normal  saline  solution,  determining  the  blood  by  diluting  the 
standard  with  a  measured  quantity  of  water  to  the  same  color, 
(iv)  Remove  and  hash  all  tissues,  making  an  aqueous  extract, 
whose  blood  content  may  be  determined  as  in  (iii).  The  sum  of 
amounts  (i),  (in)  and  (iv)  is  the  total.  This  varies  somewhat  for 
different  animals ;  usually  from  to  of  the  body  weight, 
averaging  in  man  and  the  dog,  -J^  in  the  cat,  -^-^  in  the  rabbit 
and  in  the  newborn  child. 

2.  The  Determination  in  a  Live  Animal. — This  was  accom- 
plished by  Gr^hant  and  Quinquand  (Jour,  de  I'anat.  ct  physiol., 
etc.,  Paris,  1882,  No.  6,  p.  564),  by  allowing  the  animal  to  re- 
spire a  known  quantity  of  CO  ^vith  oxygen,  afterward  determining 
the  amount  of  CO  in  a  small  amount  of  drawn  blood.  Then, 
Total  blood :  Drawn  blood ::  totcU  CO :  drawn  CO. 

V.  THE  PROTECTION  OP  I  THE  BLOOD  SXTPPLY. 

If  the  blood  plays  such  an  important  part  in  the  economy  of 
the  body,  may  we  not  expect  that  some  provision  is  made  for  the 
protection  of  animals,  in  a  measure  at  least,  from  accidental  breaks 
in  the  integrity  of  the  system  of  tubes  in  which  the  blood  circu- 
lates? If  any  slight  accident  may  sever  an  artery  from  which  the 
blood  can  flow  unhindered,  then  surely  would  animal  life  be  pre- 
carious. But  there  have  arisen  in  the  animal  kingdom  two 
methods  of  protection  against  the  accident  indicated  above. 

a.  Location  of  the  Vessels. 

All  important  i^emela  are  located  very  deeply.  The  somewhat 
superficial  j)osition  of  the  humau  femoral  artery  in  the  upper  part 
of  the  thigh,  and  of  the  axillary  artery  hold  only  for  man  since  he 
assumed  the  erect  posture ;  in  the  other  mammals  these  arteries 
lie  well  protected  l)ehind  the  thigh  and  arm. 

b.  The  Influence  of  the  Intima. 

Many  small  vessels  both  veins  and  arteries  lie  near  the  surface 
of  the  body.  AV hat  special  provision  is  made  for  these?  The 
inner  coat  of  a  severed  small  vessel  either  mechanically  or  by 
some  ferment  infiuenee  is  a  most  important  factor  in  the  ready 
formation  of  a  clot. 

The  Coagulation  of  the  Blood. 

The  most  important  ])rotection  against  excessive  bleeding  is  the 
tendency  of  the  blood  to  undergo  a  change  as  soon  as  it  passes 
through  a  wound  in  a  vessel.  This  remarkable  change  which  the 
blood  undergoes  involves  a  chemical  reaction  between  certain  con- 
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stitoents  of  the  blood ;  the  wonderful  feature  about  this  reaction 
is  the  fact  that  normally  it  is  adjiusted  in  time  and  place  to  the 
severing  of  the  continuity  of  a  blood  vessel. 

The  principal  gross  phenomena  of  coagulation,  as  observ^ed  in  a 
beaker  of  drawn  blood,  are  :  (i)  the  formation  within  two  minutes 
of  a  jelly-like  layer  over  the  surface  of  the  blood  ;  (ii)  the  forma- 
tion of  a  similar  layer,  within  two  to  seven  minutes,  around  the 

Fi«.  92.  Fig.  93. 

w 

Bovl  of  reeentl J  coagulated  blootl,  showing  the       Bowl  of  coaKuIatcd  blood,  after  twelve 
vbole  Bass  uniformly  solidified.   (Dalton.;  hours;  Hhowing  the  clot  contracted  and 

floating  in  the  duid  .serum.  (Dalton.) 

rfdes  of  the  vessel ;  (iii)  the  formation  of  a  complete  homogeneous 
clot  in  from  seven  to  sixteen  minutes  (see  Fig.  1)2) ;  (iv)  the  con- 
traction of  the  clot,  which  results  in  the  exudation  of  serum  from 
its  .surface.    Eventually  the  contraction  is  so  extensive  that  the 
clot  occupies  about  one-half  of  the  entire  volume,  and  usually 
rests  upon  the  bottom  of  the  dish  (see  Fig.  1)3).    The  time  re- 
qniretl  to  completely  coagulate  the  blood  to  a  condition  shown  in 
Fig.  f)3  is  in  man  2-16  min.,  in  the  horse  5-13  min.,  in  the  dog 
i-3  min.,  in  the  rabbit  J-1 J  min.    In  the  pigeon  the  coagulation 
i.>  almost  instantaneous. 

Cotigulation  i^  haafenetl  by:  (i)  temperature  above  normal  body 
temperature  ;  (ii)  contact  with  foreign  matter  ;  (in)  agitation  ; 
(iv)  addition  of  calcium  salts. 

Congnlntion  iV  retarded  or  prevented  by  :  (i)  low  teni])erature  ; 
(II)  addition  of  an  equal  volume  of  .saturated  solution  of  MgSO^ 
or  Xa^SO^ ;  (iii)  addition  of  oxalates,  which  precipitate  the  calcium 
as  an  oxalate  ;  (iv)  addition  of  leech  extract ;  (v)  injection  of  solu- 
tion of  commercial  peptones  into  the  vascular  system  of  an  animal 
before  an  ex|X»riment  will  retard  coagulation.  Those  are  .some  of 
the  questions  which  have  presented  themselves  for  solution,  in 
this  connection  : 

(1)  What  constituents  of  the  blood  take  part  in  the  reaction  ? 

(2)  Whence  are  these  constituents  derived  ? 

(3)  What  are  the  factors  which  determine  the  time  and  ])Iace 
of  coagulation  ? 

10 
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All  of  these  questions  have  been  varionsly  answered  by  various 
investigators.  A  review  of  the  history  of  this  investigation  would 
consume  too  much  time.  Of  the  long  list  of  students  of  these 
questions  the  name  of  Alexander  Schmidt,  who  for  over  thirty 
years,  has  been  experimenting  in  this  field  at  the,  Physiological 
Laboratory  of  Dorpat  University,  Russia,  stands  in  the  front 
rank.  The  Swedish  investigator  Hammarsten  stands  next  in  rank 
to  Schmidt  in  this  field.  Alexander  Schmidt's  original  theorj' 
published  in  1861  was:  Fibrinogmy  Fibririopladin  and  Fibrin 
Ferment  are  the  three  fibrin  factors  and  their  combination  is  de- 
termined in  time  and  place  by  the  liberation  of  the  ferment  at  the 
point  trf  rupture  of  the  endothelial  lining  of  the  blood  vessels  from 
leucocjrteB  and  endothelial  plates.  Hammarsten  and  Schmidt  have 
more  recently  found  that  fibrinoplastin  is  not  a  necessary  factor. 
Hammersten  and  the  Dorpat  School  have  further  found  that,  "  un- 
less a  certain  amount  of  salts  be  present  coagulation  takes  place 
slowly  or  only  partially."  Freund  has  shown  that,  "  the  process 
of  coagulation  is  always  accompanied  by  an  excretion  [separation] 
of  phosphates  of  the  alkaline  earths.  ^  Fibrin  contains  a  constant 
amount  of  these  phosphates.  Coagulable  fluids  coagulate  after 
the  addition  of  these  salts.  This  is  true  too  of  sulphates  of  these 
metals,  e.  g.,  CaSO^."  The  theory  of  Wooldridge  deserves  men- 
tion here  only  to  aflbrd  an  opportunity  to  quote  Halliburton's 
statement  regarding  it :  "1.  The  whole  theory  is  based  upon  ex- 
periments with  peptone-plasma  ;  but  such  plasma  performs  differ- 
ently from  normal  plasma.  2.  It  is  difficult  from  Wooldridge's 
publications  to  find  a  logical  basis  for  his  conclusions."  This 
statement  was  made  ten  years  subsequent  to  the  publication  of  the 
theory.  Hammarsten's  theory  published  in  1891  is,  briefly  stated, 
as  follows  :  Coagulation  is  caused  by  Fibrinogen  and  Fibrin  Fer- 
ment in  the  presence  of  neutral  salts  of  the  alkaline  earths,  es- 
pecially C^aSC\  and  CaHPO,. 

To  Alexander  Schmidt  and  the  Dorpat  School  we  must  gK'e 
the  credit  of  making  the  most  profound  investigation  of  this  sub- 
je(»t.  Most  writers  do  Schmidt  the  injustice  of  only  associating 
his  name  with  the  first  theory  which  he  published  in  the  first 
years  of  his  work,  wholly  ignoring  all  his  subsequent  investiga- 
tions and  the  subsequent  recasting  of  his  theory.  His  publication 
in  1892  on  Bh(f  Ichrc  is  the  mostcomprehensive  treatise  ever  pub- 
lished on  coagulation.  Every  step  of  the  theory  is  based  upon 
rep(»ated  experiment  upon  perfectly  normal  blood.  Schmidt  em- 
phasizes the  fact  that  coagulation  is  brought  about  by  the  action 
of  II  fcnnenf  upon  tho  fib ri}i()gen  ;  both  of  which  exist  in  the  blood. 
He  further  emphasizes  the  necessity  of  the  presence  of  the  calcium 
salts.    His  investigation,  however,  does  not  stop  at  this  point;  he 
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and  bis  pupiU  have  sought  the  source  of  the  fibrin-factors  and 
find  that  not  in  the  blood-corpuscles,  not  in  the  blood  platelets 
and  not  in  the  endothelial  cells  alone  is  found  the  source  of  fibrin 
ferment  but  that  it  arises  wherever  protoplasm  undergoes  de- 
structive metabolism  ;  and  concludes  finally  :  Fibrin-ferment  is 
present  in  the  free  state  not  only  in  circulating  blood  in  small 
quantities  but  also  in  small  quantities  is  widely  distributed  through- 
out the  entire  organism."  He  finds  by  experiment  that  it  is  less 
active  in  circulating  blood  than  in  freshly  shed  blood  and  deter- 
mines the  cause  to  be  a  rapid  chemical  change  which  takes  place 
in  the  ferment  immediately  after  the  blood  is  shed.  He  calls  the 
more  active  form  Thrombin  and  the  less  active  form  in  circulation 
Pro-thromhin.  Further  he  and  others  find  that  it  is  a  nudeo- 
albumin  derived  from  the  katabolism  of  the  nucleus.  As  to 
Fibrinogen :  he  has  also  found  that  widely  disseminated  and  has 
traced  it  back  as  a  derivative  from  Pdraglobulin,  this  in  turn  is 
derived  from  Preglobulin,  and  this  from  eytogJobuUn  which  is  a 
derivative  of  cell  protoplasm  or  cytoplasm.  The  relation  of  these 
pn>ducts  to  cell  protoplasm  on  the  one  hand  and  to  coagulation  on 
the  other  is  shown  in  the  following  diagram. 


Nucleoplasm. 


r  Nucleic  Aci<l. 
I  Nucleio. 


NucIcio-albumiD 


ProthrumbiD  i  Thronibin  ' 


plaiiai. 


/CytiD. 

plaftm.  \(^«yt^g|^^  y'Preglobulin 
bin 


Paroglobulin 


<i  urag 


Fibrinogen 


Fluid. 
Fibrin. 


Fibrin. 


Plasma  containti  Calcium  saltt. 


Pekelharing's  thwry  must  be  nientione<l  here.  Briefly  stated  it 
is  as  follows  :  Thrombin  (UjfWti  from  nuclvio-albumin  in  if^  richHCSi*  in 
calcium  mits.  Fibrin  eontaim  much  cdlrinm.  Fibrin  is  prol>abhj  a 
calcium  compoumi  of  fibri nor/en.  In  roagulafion  the  calcium  i<att  /x 
prolxibly  lUwociaied  from  fibrin  ferment  and  axmciatvd  with  fibrin- 
Of/en  precipitating  the  latter  in  fine  thread h.  The  difficulty  with  this 
theory  is  that  it  seems  either  to  necessitate  a  quantitative  rela- 
tion lietween  the  amount  of  fibrin-ferment  and  the  amount  of 
fibrin  precipitate<l,  or  to  make  the  thrombin  a  carrier  of  the 
calcium,  in  which  cjise  wo  would  havo  to  answer  some  puz- 
zling (juestions  as  to  where  an<l  how  the  changes  occur.  But 
the  investigators  in  this  field  uniformly  give  the  ([uantity  of 
ferment  sis  minute,  and  ascribe  to  it  a  real  fernuMit  action  so 
that  the  small  amount  suffices  to  produce  a  considcral)le  effect 
if  the  time  he  sufficient ;  furthermore  the  calcium  salts  pros- 
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ent  in  the  plasma  would  seem  to  satisfy  the  conditioDs.  All  things 
considered  the  later  theory  of  Schmidt  and  Hammersten  is  as  sat- 
isfactory as  any. 

YI.  THE  EFFECT  OF  HEMOBBHAOE. 

Repeated  experiment  has  shown  that  one-fourth  or  one-third  of 
the  blood  may  be  drawn  without  causing  serious  symptoms,  and 
about  one-half  without  causing  death.  One-half  the  circulating 
blood  is  supposed  to  be  practically  the  limit.  Whether  the  with- 
drawal of  blood  shall  be  more  or  less  dangerous  to  life  dei)end8 
upon  several  complicating  factors : 

(a)  The  time  consumed  in  the  withdrawal  of  the  blood  is  an 
important  factor.  The  experiments  of  Prevost  and  Dumas  in 
1823,  and  more  recently  those  of  Xasse,  Vierordt  and  others, 
have  shown  that  during  a  slow  withdrawal  the  blood  will  be  re- 
plenished from  the  lymph  and  plasma  of  the  tissues  and  if  the 
hemorrhage  cover  sufficient  time  much  more  than  5  per  cent,  of 
the  body -weight  may  be  withdrawn;  e.  g.,  TolmatschefF  in  71 
days  drew  from  a  dog  blood  eiiual  in  weight  to  15  per  cent,  of  the 
body- weight.  It  is  clear  that  in  this  case  the  withdrawal  Avas 
sufficiently  slow  to  enable  the  corpuscle-making  organs  to  actually 
replenish  the  corpuscular  elements.  In  this  way  may  be  demon- 
strated the  rate  at  which  the  blo(xi  may  be  replenished.  When 
the  hemorrhage  takes  place  within  a  shorter  period — ^as  one  hour — 
the  i>lasma  alone  will  be  in  part  replenished  so  that  the  blood  last 
drawn  would  be  much  poorer  in  corpuscles  than  the  blood  first 
drawn. 

(6)  The  cireuinManve:^  under  which  tlie  hemorrhage  takes  place 
enters  as  a  factor  into  the  effect.  For  examj>le,  loss  of  a  given 
quantity  of  blood  from  an  animal  under  anaesthesia  causes  less 
disturbance  of  the  system  than  the  loss  of  the  same  quantity  as  a 
result  of  an  accident.  In  the  latter  case  shock  enters  in  as  a 
strong  factor ;  in  fact,  it  is  much  the  stronger  factor  of  the  two. 

VII.  TRANSFUSION. 
cL  The  Transfusion  of  Blood. 

The  first  recorded  transfusion  of  blood  was  attempted  by  Ix)wer 
in  He  successfully  made  a  direct  tranfusion  of  blood  frt)m 

one  dog  to  another  directly  after  the  latter  had  been  bled  to  the 
death-limit.  The  measure  of  the  success  of  the  transfusion  is  the 
fact  that  the  second  dog  lived  and  showed  no  serious  sequelie  of 
the  operation. 

In  H)()7  Denis  successfully  transfused  the  blood  of  a  lamb  to 
the  circulatory  system  of  a  man.    Subsequent  attempts  gave  such 
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a  large  percentage  of  failure  that  it  fell  quite  into  disrepute  in  the 
medical  profession  until  after  a  long  series  of  experiments  upon 
lower  animals.    These  experiments — for  the  most  part  performed 
daring  this  century  and  many  of  them  recently — have  demon- 
strated the  following  facts  : — (i)  The  blood  of  the  same  species,  or 
even  of  the  same  genus,  may  be  directly  transfused,  but  the  danger 
of  coagulation  is  very  great,    (ii)  The  defibrinated  blood  of  the 
same  species  or  genus  may  be  transfused  (Indirect  Transfiision), 
hut  the  danger  here  rests  in  the  introduction  of  a  fluid  which 
contains  a  very  much  larger  percentage  of  thrombin  than  exists 
io  normal  blood ;  this  excess  of  thrombin  induces  coagulation  on 
the  slightest  provocation.    The  process  of  defibrination  subjects 
the  blood  to  the  danger  of  introduction  of  particles  of  foreign 
matter — even  bacteria. 

All  of  these  make  the  dangers  of  the  transfusion  of  defibrinated 
blood  too  hazardous  to  be  recognized  by  the  medical  profession 
aci  a  solution  of  the  question. 


6.  The  Transfasion  of  an  Artificial  Serum. 

It  has  been  found  that  the  most  serious  symptoms  of  rapid 
hemorrhage  arise  from  mdden  decrease  of  the  amount  of  circu- 
lating fluid,  together  with  a  moderate  fail  of  blood-pressure  ;  thus 
the  principal  indication  to  fulfill  is  to  replenish  the  (ju/nUity  of 
Jliiid  without  reference  to  the  corpuscles  or  to  the  nutritive  elements 
i>f  the  pla.sma.  The  fluid  introduced  must  be  of  such  a  character 
as  to  cause  no  disturbance  of  the  system.  Warm,  sterilized  normal 
salt  solution  (XaCT  0.(5  per  cent.),  injected  either  sub('utane<insly 
or  into  an  exposed  vein,  has  hoen  successfully  used  in  surgical  and 
ol)stetrical  easels. 

A  transfusion  fluid  most  su(»c^'ssfully  used  in  Europe  is  acxiord- 
ing  U}  the  following  formula  : 

B .   Sugar   .V) 

NaCI    <i 

NaOfI   0.0.-) 

II/)  dit»t.  ad   1(HX)JM> 

The  solution  is  filtered  and  sterilized  and  injected  at  blood-tem- 
perature. 

Indications  for  Transfi  sion  :  (i)  Dangerous  hemorrhage 
injection  of  one  of  the  above  fluids,  (ii)  CO  poisoning  indicates 
the  immediate  indirect  transfusion  of  blood  of*  the  same  species. 
If  the  collap.se  is  not  too  far  advanced  revival  is  possil)le. 
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YIU.  QUANTITATIVE  AND  QUALITATIVE  VABIATI0N8 
OF  THE  BLOOD. 

a.  Methods  of  Observation. 

{fi)  Determination  of  the  proportion  of  plasma  and  corpuscles 
by  the  use  of  the  hcemaiokrit. 

(/9)  Determination  of  the  number  of  red  and  of  white  corpuscles 
per  cu.  mm.  blood,  by  the  use  of  the  Gower  or  Zeiss  hcemacytomder. 

{y)  Determination  of  the  size  of  the  red  blood  corpuscles  by  the 
use  of  a  microscope  provided  with  an  eyepiece  mieromder. 

{(J)  Determination  of  the  number  or  presence  of  the  various 
varieties  of  leucocytes  by  the  aid  of  reagents,  etc.,  for  Ehrlichia 
method  of  staining. 

(s)  Determination  of  the  quantity  of  haemoglobin,  by  the  use  ot 
the  hiematinometer,  the  htemoglobinometer,  or  the  spectro-pho- 
tometer. 

6.  Variations. 

1.  Conditions  of  the  Blood  which  depend  upon  Quantita- 
tive Variation  of  some  or  all  of  its  Oonstituents.    (a)  The 

Quantity  of  Bi^x>d  as  a  Whole  cannot  readily  be  determined 
in  the  living  animal,  but  marked  increase  or  decrease  may  be  de- 
termined clinically  by  symptoms  or  by  the  history. 

(a)  Increase  of  the  blood  as  a  whole  {Polycemia  or  Plethora), 
indicated  by  swollen  veins,  hard,  full  pulse,  etc. 

(^9)  Decrease  of  the  blood  as  a  whole  {OUgcemia  vera  or  Aruemia), 
indicated  by  paleness  or  even  marked  pallor  of  skin  and  especially 
of  mucous  surfaces,  e,      lips,  or  conjunctiva. 

The  history  is  also  a  verj-  important  aid  to  diagnosis  and  prog- 
nosis. 

(J))  Changks  in  the  Quanttty  of  different  constituents  of  the 
blood. 

(a)  Increase  in  plasma  {Ilydrwmia),  after  sudden  decre^ise  of 
excretion  of  water,  which  may  occur  within  physiological  limits 
after  a  sudden  change  from  hot  to  cold  weather  or  wet 
weather. 

(^5)  Decrease  in  plasma  {OUgirmia  Sivca)^  observed  within  physi- 
ological limits  after  copious  perspiration,  diuresis,  or  diarrhcea. 

(;-)  Increase  in  the  relative  number  of  red  blood  corpuscles 
(P/cthorft  polycyfhfvmid)^  likely  to  occur  when  such  periodic  hem- 
orrhages as  menstruation  or  nosebleed  are  suddenly  8top{)ed. 

[d)  Decrease  in  the  relative  numl)er  of  reil  blood  corpuscles 
i^AiHvinid  vera)  or  oligocytluemia. 

(s)  Increase  in  the  relative  number  of  leucocytes,  especially  of 
the  neutrophile  variety  of  leucocytes.  This  may  be  moderate  in 
extent  and  transitory  (^/aicoi^yfoai^),  or  it  may  be  excessive  in  ex- 
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lent  aod  persistent,  indicating  a  serious  departure  from  the  normal 
{leufocytkemia  or  leukoefinke). 

2.  Oondition8  which  Depend  upon  the  Qualitative  Varia- 
tion of  Constitaents  of  the  Blood. — (a)  Change  in  the  quality 
of  the  plasma;  containing  too  little  nutriment  or  too  much  waste 
matter. 

(;9)  Decrease  in  the  haemoglobin  of  the  red  blood  corpuscles. 

(y)  Increase  in  the  size  of  the  red  blood  corpuscles,  or  increase 
in  the  relative  number  of  megaloblasts,  associated  with  j>ernicious 
anaemia. 

{S)  Decrease  in  the  size  of  the  red  blood  corpuscles  or  increase 
in  the  relative  number  of  microblasts,  associate<l  with  anaemia. 

(£)  Presence  of  many  red  blood  corpuscles  of  irregular  size  and 
shape,  associated  with  pernicious  anaemia. 

2.   THE  LYMPH. 

I.  PHTSIOAL  PROPERTIES. 

Like  blood  this  liquid  is  composed  of  a  plasma  in  which  cor- 
puscles float.  The  lymph  plasma  is  quite  like  blood  plasma  in  its 
composition  and  in  its  power  to  coagulate. 

1.  Ctolor. — The  lymph  of  the  smaller  lymphatics  has  a  light 
yellowish  color :  That  of  the.  thoracic  duct  is  yellowish  opalescent 
or  even  milky.  It  assumes  the  latter  color  after  a  meal  when  it 
is  laden  with  fat.    In  that  condition  it  is  usually  called  chyle. 

2.  The  Specific  Gravity  of  the  lymph  is  10*^12-1022. 

II.  THE  MORPHOLOGY  OF  THE  LYMPH. 

The  morphotic  elements  of  the  lymph  are  the  leucoci/tc^.  (Quid 
\'ide.) 


III.   THE  CHEMICAL  PROPERTIES  OF  THE  LYMPH. 


COSHTITUKNTS.  LXMVU  <  HYLK 

,  OK  Max.    I    OF  l)<Mi. 


Watek.                                                                   '  iM.'2  iH).*;: 

N>Liiw.  4.H  ,  «».:i:t 

Orfftinir.  .{.'J.')  s..-»4 

I*r«>teidi  (Senim  albiiniiD.  Hertim  globulin,  tibrin)   .'^.7")  2.21 

Kau.  I^ithin  and  Choh'^terin   o.lo  i  r>.iii 

Sujcmr   n.io  0.2:1 

ImorffaHic.  o..s.-)  u.7l» 

Nxlium  chloride   O.iV* 

Sodium  carbonate       n.24 

(Mb«*r  aalta  containing  K,  Ca,  and  truioH  of  Mk  and  Ft'  a.s 
cblorideii,  sulphates  or  phosphates  
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C.  THE  FOBMATION  AND  DESTBUOTION  OF  THE 
OORPUSOLES. 

1.  THE  OBIOm  OF  THE  BED  BLOOD  OOBPUSCLES. 

1.  During  Intrauterine  Life. — ^The  prenatal  origin  of  the 
corpuscles  may  be  subdivided  into  two  periods :  the  embi^onic 
period,  and  the  foetal  period. 

(a)  The  Embryoxic  Period  is  characterized  by  the  formation 
of  blood  and  blood  vessels  in  the  vascular  area  of  the  egg  and  of 
blood  vessels  within  the  ombrj'o.  In  both  cases  the  fundaments 
of  the  circulatory  system  are  formed  from  mesench}ane  cells. 
Regarding  the  primitive  red  blood  corpuscles  we  should  remem- 
ber that  they  "  exhibit  amoeboid  movements,  have  less  than  the 
usual  quantity  of  haemoglobin,  are  nucleated,  globular,  larger  and 
more  irregular  and  variable  than  the  permanent  corpuscles.*^ 
Next  they  become  normally  colored,  but  they  retain  the  nucleus 
during  intrauterine  life.  They  are  capable  of  multiplication  by 
karyokinesis.  The  relative  number  of  non-nucleated  corpuscles 
rapidly  increases  during  the  foetal  period,  in  mammals,  until  at 
birth  no  nucleated  corpuscles  remain. 

(6)  The  Fcetal  Period.  After  the  establishment  of  the 
different  systems  of  organs  the  formation  of  blood  corpuscles  goes 
on  within  the  embryo.  Neumann  and  Lowit  observed  the  forma- 
tion of  nucleated  blood  corpuscles  in  the  foetal  liver  and  in  the 
spleen  ;  while  Foa  and  Saviola  observed  it  in  the  lymphatic  glands. 

2.  During  Extrauterine  Life. — "The  balance  of  evidence 
points  to  the  formation  of  red-blood  corpuscles  in  extrauterine 
life — in  all  higher  vertebrates — by  the  same,  process  as  in  foetal 
life,  /.  e,,  by  karyokinesis  of  a  typical  cellular  element — the  ery- 
throblast^ — which,  during  extrauterine  life,  is  chiefly  found  in  the 
red  marrow  of  bones."  (Bizzozero,  Neumann.)  The  transition 
from  the  fcetal  method  to  the  extrauterine  method  is  not  a  sudden 
one,  and  the  fietal  method  may  be  later  employed  after  severe 
hemorrhages. 

2.  DECAY  OF  THE  RED  BLOOD  OORPUSOLES. 

Investigation  has  revealed  the  following  facts :  (i)  There  are 
fewer  nni  corpuscles  in  the  hepatic  vein  than  in  the  portal  vein. 
(II )  The  bile  pigments  are  formed  from  hsemoglobin.  (ill)  Dis- 
integrated red  corpuscles  are  to  be  seen  in  the  cells  of  the  spleen 
pulp.  The  conclusions  to  be  drawn  from  these  facts  are  :  (i)  The 
corpuscles  in  (juestion  meet  their  end  in  the  liver  and  spleen,  (ii) 
At  least  a  part  of  the  hiemoglobin  is  lost  in  the  excretion  of  the  bile 
pigments.  Further  investigation  shows  that  a  part  of  the  disin- 
tegrated corpuscles  is  tiiken  up  by  the  leucocytes  and  carried  to 
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tie  red  marrow  of  bones — ^possibly  to  the  spleen,  and,  in  the 
fonner  location  at  least,  utilized  by  the  erythroblasts  in  building 
np  new  corpuscles.  It  is  estimated  that  the  life  of  a  red  blood 
coipuscle  is  about  three  or  four  weeks. 

3.  THE  FORMATION  AND  DESTKUOTION  OF  LEUOOOTTES. 

The  leucocytes  are  formed  chiefly  as  lymph  corpuscles  in  the 
lymphatic  glands.  The  fine  meshed  adenoid  tissue  of  these  glands 
i»eems  to  catch  and  hold  all  of  the  senile  leucocytes  and  to  allow 
only  the  more  active  corpuscles  to  pass  through.  Although 
many  leucocytes  are  stopped  by  the  lymphatic  glands,  there  are 
very  many  more  in  the  efferent  than  in  the  afferent  stream.  The 
necessary  inference  is  that  the  lymph  gland  forms  these  new  leuco- 
cj'tes  and  they  enter  the  lymph  stream  and  so  pass  into  the  circu- 
lation. 

What  has  been  observed  in  the  relation  of  the  lymphatic  glands 
holds  for  the  spleen,  one  of  whose  functions  seems  to  be  to  detain 
the  leucocj-tes  which  have  engulfed  senile  red  blood  corpuscles. 
In  some  way  the  broken  down  red  corpuscle  is  transferred  to 
the  liver,  probably  through  the  agency  of  the  leucocytes.  The 
.splenic  vein  contains  far  more  leucocytes  than  the  splenic  artery. 
The  spleen  must  be  a  nidus  for  their  formation. 

4.  SUMMABT  OF  THE  FUNCTIONS  OF ,  THE  SPLEEN. 

The  spleen  is  as  completely  and  exclusively  connected  with  the 
circulatory  system  as  is  the  heart.  The  general  function  of  the 
spleen  seems  to  be  to  keep  the  corpuscular  elements  of  the  blood 
constant,  or  at  least  to  assist  in  that  important  office. 


Fig.  94. 


Abtcima  Premttt'O 


R  R  ^  Respiratory  waves  ;  ('  C  f\  waves  of  rhythmicirl  oont ruction  of  musch*  tissue  of  cjiih 
•ale  and  trabecular ;  M  M  ^  wave  occurring  4-.>  hourj*  after  a  meal,  Wavi*M  R  It  evidently  do- 
prod  ap(»n  general  blood-pressure.  Heart  waves  do  not  show  in  the  oncometer  curve.  The 
waves  f*  C probably  show  an  independent  action  of  the  splei-n  directed  to  the  nartial  emptying 
«ot  of  its  blood.    The  wave  .V  is  probably  caused  by  a  heaping  np  of  absorlK'd  food->tut!s.' 

The  specific  functions  of  the  spk^»n  ai^e  obscure.  Some  idea  of 
it«*  functions  may  be  gained  by  the  following  methods : 

{(ti)  By  Extirpation. — Tlie  removal  of  a  dog's  spleen  sooms 
to  make  no  essential  difference  in  his  general  physical  condition. 
Afler  a  few  weeks  an  enlargement  of  the  lymph  glands  and  an 
increase  of  the  red  marrow  of  the  long  bones  occur. 
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Fig.  95. 


(6)  By  Chemical  Examination  it  is  found,  Ist,  that  the 
spleen  yields  a  preponderance  of  those  inorganic  salts  found  in 

the  red  blood  corpuscles ;  2d,  that  the 
extractives  are  such  as  are  produced 
by  the  breaking  up  of  proteids. 

(c)  By  Microscx)pic  Examina- 
tion AFTER  Hemorrhage. — The 
spleen  normally  contains  large  leu- 
cocytes which  have  taken  in  one  or 
more  red  blood  corpuscles,  but  after 
hemorrhage  also  numerous  red  nucle- 
ated hematoblasts  (homologues  to  the 
erythroblasts  of  red  marrow  of  bones). 

(rf)  By  Oncometer  Curves.  (See 
Fig.  94.) — An  oncometer  is  a  metallic 
case  made  for  the  purpose  of  enclos- 
ing an  active  organ.  The  space  be- 
tween the  organ  and  the  case  is 
filled  with  warm  saline  solution. 
Any  change  in  the  volume  of  the 
organ  affects  the  recording  apparatus 
by  transmission  through  a  column 
of  liquid  which  is  continuous  with 
that  which  surrounds  the  organ. 

D.  THE  OmOULATION  OF  THE 
FLXTIDS. 

The  best  general  idea  of  the  course 
which  the  blood  takes  in  its  circuit 
through  the  body  may  be  gotten  from 
such  a  schema  as  that  shown  in  the 
accompanying  figure  50.^5 

1.   THE  ACTION  OF  THE  HEART. 

In  order  to  observe  directly  the 
movements  of  the  heart  one  may  in- 
stitute artificial  respiration,  open  the 
chest,  tying  all  bleeding  vessels,  open 
the  ])ericardium,  and  note  at  leisure 
the  movements  of  the  organ  while 
it  works  under  the  slightly  changed 
conditions. 

In  such  an  experiment  one  may  obser\'e  :  (i)  A  series  of  con- 
tractions (systole)  alternating  with  a  series  of  dilatations  (diastole). 


I>iagniiu  of  th»>  circulation.  1.  heart; 
2,  luiijrs.  head  and  upper  extremi- 
ties ;  4,  spleen  ;  5,  intestine  ;  G,  kid- 
ney ;   7.  lower  extremities  ;   8,  liver. 

(1)ALTUN.) 


CHANGES  OF  POSITION  OF  THE  HEART, 
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(ii)  Auricular  contraction  precedes  ventricular  contraction,  (in) 
Auricular  contraction  b^ins  with  the  contraction  of  the  muscle 
fibers  which  encircle  the  large  veins,  immediately  thereupon  in- 
volving the  whole  auricular  wall,  (iv)  The  auricles  contract 
simultaneously,  but  are  not  completely  emptied  by  the  beginning 
of  ventricular  contraction,  (v)  Auricular  systole  ends  at  the 
moment  that  ventricular  systole  begins,  (vi)  The  ventricles  be- 
gin their  contraction  simultaneously  and  cease  simultaneously. 

a.  Changes  of  Form  which  the  Heart  Undergoes. 

{a)  Observed  in  the  open  Thorax  of  a  mammal,  which  is 
lying  upon  its  back. 

(a)  During  diastole  the  transverse  diameter  becomes  markedly 
greater  and  the  dorso-ventral  diameter  less  than  in  systole  giving 
an  elliptical  outline. 

(^)  During  systole  the  transverse  diameter  becomes  shorter  and 
the  dorso-ventral  longer,  approaching  a  circle  in  outline.  The 
diree  factors  which  work  together  to  produce  this  change  are  : 
(i)  The  intra-ventricular  change  of  pressure;  (ii)  the  force  of 
gravitation ;  (iii)  the  atmospheric  pressure. 

(6)  Observed  in  the  closed  Thorax  of  a  mammal  by  the 
use  of  needles  passed  through  the  thoracic  wall  into  the  heart  wall 
at  different  angles  and  locations.  For  the  following  facts  we  are 
indebted  to  Haycraft  : 

(«)  During  diastole  the  heart  hangs  passive  in  its  pericar- 
dium, suspended  by  its  connection  with  the  great  vessels  which 
enter  or  leave  its  base.  While  filling  all  of  its  dimensions  in- 
crease, though  the  lateral  diameter  may  increase  somewhat  more 
than  the  dorso-ventral,  owing  to  the  bulging  out  oii  the  right  side 
of  the  flaccid  right  ventricular  wall. 

(^)  During  systole  all  of  the  dimensions  of  the  heart  decrease 
but  any  increase  of  lateral  over  dorso-ventral  dimension  is  com- 
pensated during  systole  so  that  the  cross  section  of  the  heart  at 
the  end  of  systole  presents  nearly  a  circular  outline.  Tlic  antrro- 
]x>8ierior  dimensioiiXy  or  the  distance  between  base  and  ai)ex,  also 
decreases,  but  the  apex  is  not  in  consequence  drawn  away  from 
the  chest  wall.  The  reason  for  this  will  be  discussed  under  the 
next  topic. 

6.  Changes  of  Position  of  the  Heart  Incident  to  its  Activity. 

1.  Mechanical  Factors  which  Tend  to  Produce  a  Change 
in  the  Position  of  the  Heart. — (a)  The  AHymmctricnl  Pasitimi 
which  the  apex  takes  during  diastole ;  either  (i)  In^causo  of  the 
action  of  gravity  in  the  dorsal  position,  or  (ii)  because  of  the  con- 
tact with  the  chest  wall  in  the  normal  position,    (^i)  The  first 
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Fig. 


factor  together  with  the  fact  that  whenever  the  pressure  increases 
within  a  liquid-filled  sack,  the  latter  tends  to  ereet  and  stand  in 
such  a  position  that  the  tension  on  each  part  of  the  wall  shall  be 
equal.  A  condition  of  pressure-  and  temion-equUibriunif  of  closed 
cavities,  (y)  Whenever  a  closed  receptacle  ejects  its  contents 
through  action  of  a  force  mechanically  within  itself,  the  structure 
umleryoes  a  recoil  in  obedience  to  Newton's  law  of  motion  that 
action  and  reaction  are  equal  in  opposite  directions."  {S)  The 
base  of  the  heart  is  relatively  firmly  fixed ;  the  vertebral  column 

forming  the  basis  of  fixation, 
the  large  vessels  being  held 
well  in  place  by  strong  con- 
nective tissue  attachments. 
Besides  this  the  arch  of  the 
aorta  passes  over  the  root  of 
the  left  lung,  while  the  pul- 
monary artery  passes  directly 
into  the  root  of  both  lungs. 

2.  The  Influence  of  the 
Enumerated  Factors  upon 
the  Action  of  the  Heart. — 
(a)  The  Sudden  Rise  of 
Intra-ventricui^r  Pres- 
sure During  Auricular 
Systole  would  have  two 
tendencies  :  (i)  To  cause  the 
apex  to  assume  a  more  sym- 
metrical position  with  respect 
to  the  base,  i.  e.,  to  give  the 
apex  an  impulse  against  the 
chest  wall ;  (ii)  the  light  au- 
ricles would  tend  to  recoil 
strongly,  but  tMs  would  be 
largely  counteracted  by  tis- 
sues above  the  auricles,  as 
well  as  by  the  weight  of  the 
columns  of  blood  in  the  vena 
cava  anterior  and  the  pulmonary  veins. 

(/>)  Thk  Gkkat  Kise  in  Intra-ventricular  Pressure 
Driiixc;  Venthiculaii  Systole  gives  the  apex  a  sudden  and 
strong  impulse  toward  the  point  of  symmetry,  /.  f.,  toward  the 
thoracic  wall  just  at  the  beginning  of  ventricular  systole  (see  Fig. 
JM)).  After  the  position  of  symmetry  has  been  assumed  there  will 
\w  a  ti'ndency  for  cither  a  sustained  crest  or  for  a  gradual  fall, 
the  hitter  owin^  to  a  decrease  in  the  dimensions  of  the  ventricle 
and  not  to  a  falling  fn)m  the  position  of  symmetry. 


A  didKram  sliowing  Ludwig's  theory  of  the  erec- 
tion of  the  vtMitricle  during  systole.  *  The  bai*e  of 
the  heart  AB  is  rather  firmly  fixed.  In  diastole  the 
a|)Ox  takes  the  iK)sition  as  outlined  in  the  fig- 
ure. In  systole  it  tends  to  orect  bv  intra-ventricu- 
lar pressure  and  stand  in  the  iwsition  A/W. 
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(r)  There  will  be  a  Recoil  of  the  Heart  when  the  con- 
tents of  the  ventricular  cavity  are  ejected  into  the  arteries ;  but 
the  direction  of  recoil  is  at  nearly  right  angles  with  the  direc- 
tioD  of  the  movement  of  the  apex  when  coming  into  the  position 
of  symmetry,  /.  e.,  the  direction  of  recoil  is  in  the  line  determined 
approximately  by  the  axis  of  the  left  ventricle. 

Observation  of  the  heart  in  the  closed  thorax  may  be  made  with 
^  cardiograph.    This  instrument,  shown  in  Fig.  97,  consists  of 


Fig.  97. 


The  cardiograph.  (Chapman.) 


a  pair  of  Marey  tamlx)urs.  The  receiving  tambour  is  j)r(>vidcd 
uitli  a  button  .1,  which  is  placed  over  the  site  of  the  ajx^x  beat  of 
the  heart.  Movements  of  the  button  affect  directly  the  mem- 
brane of  the  receiving  tambour.  Through  the  connecting  tube, 
/,  movements  of  the  receiving  tiimbour  are  transmitted  to  the 
eording  tambour,  />,  whose  membrane  supports  the  reconling  lever, 
rf.  The  tracing  point  of  this  lever  may  bo  brought  iuto  contact 
with  a  kymograph  dnim  and  a  permanent  and  exact  record  made 
of  the  movements  of  the  thoracic  wall  produced  by  the  apex  beat 
of  the  heart. 

From  what  lias  been  said  regarding  the  relative  influence  of  the 
erection  and  the  recoil  of  the  ventricle  it  is  evident  that  the  recoil 
will  variously  affect  the  cardiogram  according  to  the  iK)sition  of 
the  subject  under  observation.  Furthermore  the  force  of  the  re- 
coil will  be  broken  by  just  that  factor  which  emphasizes  the  action 
of  heart  in  assuming  a  symmetrical  j>osition,  namely  the  fixing  of 
the  base  of  the  heart.  The  recoil  affects  the  cardiogram  in  diiier- 
ent  ways,  if  it  appears  at  all.  If  there  is  only  one  superimposed 
wave  beyond  the  systolic  rise  that  one  wave  may  be  taken  to  rep- 
resent the  effect  of  the  closure  of  the  semilunar  valves,  unless  it 
is  within  OA  of  a  second  from  the  Imjinn  'nu/  of  the  h i/y folic  irarc. 
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Any  wave  between  the  systolic  wave  crest  and  the  semilunar  wave 
may  be  taken  as  the  recoil  wave.  Esj)ecially  strong  is  the  evi- 
dence favoring  that  interpretation,  provided  the  wave  in  question 
falls  between  0.05  second  and  0.1  second  after  the  beginning  of 


Fig.  98. 


0^  Second 


Cardiogram  taken  bv  Chauveau  and  Marey.  a  —  Auricle  wave ;  s  —  Syntolic  ri^^ 
r  —  Kecoil  wave  ;  t?  —  \  alvular  wave. 


Fig.  99. 


Cardiogram  taken  by  Eduren. 


Fig.  100. 


Cardiogram  taken  by  .Saxdrrson,  with  fast  drum. 


Fig.  101. 


Cardiogram  taken  at  the  PhysioloKical  Lalwratory  of  the 
Northwestern  Un  iversity  Medical  School. 


the  systolic  wave.  Should  the  cardiogram  present  other  small 
suix?rimi>osed  crests  they  may  he  interpreted  as  imtrumenial,  i,  e., 
formed  by  secondary  vibrations  of  the  membranes  or  of  the  elastic 
media  of  transmission.    (See  Figs.  98,  99,  100,  101.) 
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e.  Ohanges  of  Pressure  Within  the  Heart  Incident  to  Its 

Activities. 

Intra- Ventricular  Pressure. 

The  strong  contractions  of  the  muscle  tissue  of  the  walls  of  the 
heart  muse  the  cavity  of  the  ventricle  to  be  decreased  in  volume 
during  systole ;  while  the  relaxation  pennits  the  increase  of  the 
volume  of  the  ventricular  cavity  during  diastole.  This  (^vity  is 
constantly  filled  with  blood.  At  the  beginning  of  systole  there  is 
about  180  c.c.  of  blood  in  each  ventricle  ;  at  the  end  of  systole  the 
ventricles  are  practically  empty.  The  contraction  of  the  ven- 
tricles subjects  the  liquid  contents  to  sufficient  pressure  to  eject 
it  into  the  aorta  and  pulmonary  artery.  Liquids  flow  from  a 
point  of  higher  pressure  to  a  point  of  lower  pressure.  The  pres- 
sure in  the  arteries  named  must  be  sufficient  to  overcome  all  re- 
sistance beyond,  otherwise  the  blood  could  not  flow  out  of  them 
through  the  capillaries  and  into  the  veins.  The  pressure  in  the 
Ventricles,  in  turn,  must  be  higher  than  the  pressure  in  the  large 
fteries,  otherwise  the  blood  could  not  flow  from  the  ventricles 
**^to  the  arteries.  The  pressure  necessary  to  force  the  blood  out 
the  ventricles  is  produced  by  the  contraction  of  the  ventricular 
^alls  upon  the  ventricular  contents.    The  ventricle  is  then  a 

The  ancients,  from  Aristotle  to  and  including  Galen,  believed 
^ke  heart  to  be  a  suction-pipe.  They  thought  that  the  ventricles 
Actively  dilated,  drawing  the  blood  in ;  then  actively  contracted, 
'V)rcing  it  out.  (See  Historical  Introduction  to  the  Circulation.) 
liar\'ey  showeil  that  the  dilatation  of  the  ventricles  is  passive,  and 
that  only  the  contraction  is  active. 

The  question  of  intra-ventricular  pressure  has  been  a  much  de- 
l)ate<l  one  for  a  long  period. 

Physiologists  have  endeavored  to  determine  not  only  the  range 
of  variation  of  pressure  within  the  ventricles,  but  also  the  variii- 
tions  of  pressure  which  occur  between  the  maxinnim  and  the 
minimum  ;  in  other  words,  to  deierniinc  the  qualitiitive  as  well  as 
the  (|uantitative  chang(»s  of  pressure. 

Three  different  devices  have  been  contrived  for  this  purpose. 
CTiauveau  and  Marey  used  a  niodifi(»ation  of  the  Marey  tambours. 
The  recording  taml)our  having  the  usual  contraction  but  tlie  re- 
ceiving tambour  was  a  small  inflattnl  rubber  l)ulb.  A  doubl(»- 
lumene<l  tube,  bearing  one  bulb  at  its  end,  connected  with  one 
lumen  and  another  bulb  a  few  centimeters  above  the  end,  connect(»(l 
with  the  other  lumen,  was  joined  to  two  recording  tambours,  one 
communi(*ating  with  each  bulb.  The  tube  was  intnxluced,  through 
the  jugular  vein,  into  the  right  side  of  the  heart.  The  bulbs  were 
80  located  that  the  end  bulb  passed  into  the  cavity  of  the  right 
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ventricle  while  the  other  one  reached  to  the  auricular  cavity.  A- 
third  pair  of  tambours  was  arranged  to  record  the  movements  of* 
the  apex  of  the  heart.    In  this  way  three  synchronous  tracings 

were  recorded  :  varia- 
FiG.  102.  tions  of  the  intra-^iurie- 

ular  pre8»urey  variations 
of  the  intra-venfricular 
premire  and  oardio^rcm 
(see  Fig.  102). 

These  tracings  make 
it  evident :  (i)  that  au- 
ricular pressure  reaches 
a  maximum  before  ven- 
tricular pressure  begins ; 
(ii)  that  during  high 
ventricular  pressure  the 

Intra-cardiac  pressure  tracings  obtained  by  Chauvkau  auricular  prCSSUrC  is  at 

and  Ma  KEY.     The  vertical  lines  show  the  synchronous  ^  tviinimiim    TTkie  mafVi 

parts  of  the  tracing.  ^,  effect  of  auricular  systole :  a  mmimum.  xnismein- 

i?,      2/",  effect  of  ventricular  systole :  f,  C,  C",  effect  or  oH    Vinwpvpr  trivPQ  nnlv 

closure  of  ventricular  systole.  OU,  nowever,  gl\  es  Omy 

qualitative  changes,  and 
is  subject  to  errors  in  its  elastic  transmission. 

In  1878  Goltz  and  Gaule  Ueber  die  Saugkraft  des  Herzens," 
Archiv  f  d.  ges.  Physiol.,  Bd.  XVII.,  S.  100)  used  a  new 
technique.  They  devised  a  mercury  manometer  provided  with  a 
reversible  valve.  Turned  in  one  direction  the  manometer  records 
only  maximum  pressures,  reversed  it  records  only  minimum 
pressures.  This  manometer  wiis  put  into  communication  with 
the  ventricular  cavities  through  an  inelastic  connecting  tube  in- 
troduced along  a  blood  vessel  into  the  cavity  to  be  tested.  This 
method  showed  a  maximum  (left)  intra-ventrimlar  pressure  of 
176  to  284  mm.  of  mercury  ;  a  minimum  pressure  of  — 30  mm. 
to  —  38  mm.  of  mercury.  In  the  right  ventricle  the  maximum 
w^s  26  to  72  mm.;  the  minimum  was — 8  to  —  25  mm.  In 
every  cxi>eriment  the  maximum  pressure  in  the  left  ventricle 
was  18  to  22  mm.  greater  than  the  maximum  aortic  pressure. 
Note  that  the  minimum  pressure  is  less  than  atmospheric  pres- 
sure. That  seems  to  justify  the  conclusion  that  the  ventricle 
exerts  a  suction  ecjual  to  80  to  38  mm.  of  mercury.  In  this 
connection  we  must  not  forget  that  the  heart  is  inclosed  in  a 
scaled  cavity  whose  pressure  is  usually  negative,  though  this 
negative  ]>ressure  is  greater  during  inspiration  than  during  expi- 
ration. If  a  mininmm  manometer  be  introduced  into  the  thorax 
the  mercury  will  fall  from  9  to  40  mm.  according  to  the  character 
of  the  respiraticui,  9  in  quiet  inspiration  and  30  to  40  in  forced 
inspiration.  In  any  i)articularol)servation  the  manometer  registers 
the  lowest  pressure  reached  in  any  inspiration  made  by  the  animal 
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dttring  the  observation.  If  the  manometer  tube  be  passed  on  into 
tbe  ventricle  it  will  roister  the  lowest  pressure  reached  in  any  di- 
astole during  the  experiment. 

If  the  intra-^enlrieular  is  no  lower  than  the  intra-thoracic  pres- 
sure there  oould  be  no  suction  of  the  blood  from  the  thoracic  ves- 
aeb  or  aoricles  into  the  heart.  The  figures  given  above  for 
intia-ventricular  pressure  and  intra-thoracic  pressure  indicate  that 
there  may  or  may  not  be  a  slight  suction  upon  the  thoracic  blood. 
In  quiet  breathing  one  would  expect  the  negative  pressure  of  the 
ventricle  to  exceed  that  of  the  thorax  by  about  20  mm.  stand  of 
mercury. 

In  1894  Professor  Graule,  lecturing  before  his  students  in  the 
rnivereity  of  Zurich,  said  in  this  connection,  At  the  beginning 
of  diastole  any  occurrence  of  negative  intra-ventricular  pressure 
is  to  be  attributed  to  the  sudden  widening  of  the  base  of  the  aorta 
on  the  closure  of  the  semilunar  valves,  thus  suddenly  opening  the 
"Pper  end  of  the  ventricular  cavity.'^ 

A  fliird  method  of  recording  the  variations  of  intra-ventricular 
Pressure  has  been  elaborated  by  Rolleston.    His  instrument  con- 
^l^ts  of  a  delicate  brass  cylinder  with  hard-rubber  piston.  The 
P'ston  receives  the  pressure  of  the  atmosphere  upon  one  side  and 
^*^Jlt  of  the  blood  upon  the  other, — the  blood-pressure  being  trans- 
'^^^tted  to  the  cylinder  through  a  long  trochar  introduced  into  the 
^'^ntricular  cavity.    The  piston  in  turn  moves  a  writing  lever 
^hose  rise  and  fall  is  controlled  by  the  resistance  to  torsion  of  a 
^^1  ribbon.    This  apparatus  has  the  great  advantage  of  showing 
'^t  only  qualitative  but  quantitative  changes  of  pressure,  for  the 
J-'alue  of  the  steel  spring  may  be  determined  in  advance.    "  Rol- 
*^ton's  conclusions  are  as  follows:  (i)  There  is  no  distinct  and 
^parate  auricular  contraction  marked  in  the  curves  obtained  from 
either  right  or  left  ventricles,  the  auricular  and  ventricular  rises 

Fig.  103. 


Carre  from  left  ▼cntriclt;.  (Rollkston.)  ry,  ZiTo  linr,  or  atino.sphi'ric  pros«<urf  ;  J, 
••rt  of  curre  due  to  intnmuricular  prcssuro  ;  a,  auriculo-ventriculur  valves  close;  o,  Miui- 
mur  TftlTes  open  ;  C\  semi-luuar  valvefl  close  ;    r.l,  i>erio(l  uf  ventricular  diastole. 

of  pressure  being  merged  into  one  continuous  rise,    (ii)  The 
auriculo-ventricular  valves  are  elose<l  before  any  preat  rise  of 
pressure  within  the  ventricle  al>ove  that  which  results  from  tho 
11 
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auricular  systole,  (iii)  The  semilunar  valves  open  at  the  point 
situated  about  the  junction  of  the  middle  and  upper  thirds  of  the 
ascending  limb  of  the  curve  (o)  and  the  closure  about  the  begin- 
ning of  the  descending  limb  (c).  (iv)  The  minimum  pressure  in 
the  ventricle  may  fall  below  that  of  the  atmosphere  but  the 
amount  varies  considerably.  (RoUeston,  quoted  by  Halliburton, 
Handbook,  p.  420.)    (See  Fig.  103.) 

The  facts  regarding  the  changes  of  intra-cardiac  pressure  may 
be  summed  up  as  follows : 

(a)  The  active  work  of  the  auricle  is  accomplished  in  its  sys- 
tole, which  drives  into  the  ventricle  the  blood  which  it  has  re- 
ceived from  the  veins.  The  thin-walled  auricle,  in  common  with 
the  thin-walled  veins,  expands,  under  the  n^ative  intra-thoracie 
pressure,  to  receive  the  venous  blood  which  rushes  into  the  thorax 
during  inspiration.  The  structure  of  the  auricles  is  such  that  the 
pressure  within  them  can  never  fall  below  that  of  the  thorax  in 
general. 

(6)  The  active  work  of  the  ventricle  is  accomplished  in  its 
systole,  which  drives  into  the  arteries  the  blood  which  it  has  re- 
ceived from  the  auricle. 

(e)  Passively  the  walls  of  the  ventricle  will  be  dilated  by  the 
negative  intra-thoracic  pressure,  but  the  pressure  within  the  ven- 
tricle could,  by  this  cause,  never  exceed  (negatively)  the  negative 
pressure  of  the  thorax.  But  the  negative  pressure  of  the  ventricle 
frequently  does  exceed  the  negative  pressure  of  the  cavity  which 
contains  it.    There  are  two  ways  to  account  for  this  : 

(a)  The  natural  position  of  absolute  relaxation  does  not  com- 
pletely close  the  ventricular  cavity.  The  active  contraction  of 
systole  carries  the  walls  beyond  this  position  of  absolute  relaxation 
in  order  to  completely  empty  the  ventricle.  At  the  end  of  systole 
the  walls  spring  back  by  their  natural  elasticity  to  the  position  of 
absohite  relaxation,  thus  exerting  a  momentary  negative  pressure 
beyond  that  of  the  surrounding  thorax. 

(^5)  The  sudden  expansion  of  the  upper  part  of  the  ventricle 
by  the  widening  aorta,  as  suggested  by  Graule,  has  been  mentioned 
above.  But  in  these  changes  the  walls  of  the  ventricle  are  abso- 
lutely j)assive. 

(/.  The  Cardiac  Oycle. 

The  term  iuirdUfc  n/r/r  has  been  applied  to  the  ever-recurring 
scries  of  events  which  are  rei)eated  about  once  every  second  in 
the  human  heart.  Briefly  rehearsed,  these  events  are:  (i)  The 
(mrlrii/ftr  sj/sfo/cy  which  empties  the  auricle  and  fills  the  ventricle, 
and  which  ends  with  the  closure  of  the  aurieulo- ventricular  valves, 
(ir)  T/ir  vvhfnruldr  sj/sfo/c^  which  empties  the  ventricle  into  the 
artery  through  the  forced  semilunar  valves.    During  the  ventric- 


THE  CARDIAC  CYCLE. 


1 

Auricular 
Systole. 

2 

VentHcular 
SyHtolo. 

8 

Rest  or 
Diastole. 

Event. 

Empty. 
Full. 
Empty. 

i  § 

S  >-  H 

2-^2  i  S  i 

P    K    ,    2  1 

Full. 

Empty 

or 
Filling. 

Filling. 

 1  2 

w  SI 

-  c  i  ^ 
5  >  »  % 

Ml  i 

Contraction 
of 

Auricular  Walls. 

Contraction 
of 

Ventricular 
Walls. 

Aspiration 
of 

Thorax,  Elan- 
ticity  of 
Lungs,  Muscular 
Contractions, 
etc.,  etc. 

Force 
Involved. 

Ways  P 

I. 

To 
Ventricle. 

To 
Arteries. 

To 
Auricle. 

To 
Veins. 

To 
Auricle. 

To 
Ventricle. 

OSHIIILE. 

II. 

3  g 


<-2  ' 


3  I 


=  91; 


<     'i.  "A 


164 


CIRCULATION. 


ular  systole  the  auricle  is  filling,  (iii)  Besty  which  includes  all  of 
the  ventricular  diastole  and  a  little  more  than  half  of  the  auricula^r 
diastole.  During  the  re^i  period  blood  is  flowing  freely  into  the 
auricle  and  through  the  auriculo-ventricular  valve  into  the  ven- 
tricle. 


Fig.  104. 

t  t 


Time  relations  of  heart  cycle.  /  —  0.1  second  of  time  ;  a.«.  —  au^cular  systole,  0.1  sec. 
r.«.  »  ventricular  nystole,  0.3  sec:  T. A  — ventricular  diastole,  O^^ec;  ^.Z>.  »  auricular 
diastole,  0.^  sec.   Total  cardiac  cycle,  0.8  sec. 


The  time  of  the  average  heart  cycle  in  the  human  male  adult 
is  0.8  second,  which  is  distributed  as  follows : 

The  ventricular  systole  consumes  0.3  second ;  diastole^  0.5 
second.  The  auricular  systole  consumes  0.1  second  and  the  di- 
astole 0.7  second.  Heart  systole,  0.4  second;  heart  diastole,  0.4 
second.    (See  Fig.  104.) 

e.  The  Work  Done  by  the  Heart. 

1.  Data. — (i)  Maximum  pressure  in  left  ventricle  varies  be- 
tween 140-200  mm.  Hg.  (ii)  The  maximum  pressure  in  right 
ventricle  about  60  mm.  Hg.  (iii)  The  amount  of  blood  ejected 
against  the  above  pressure  varies,  for  the  left  [or  right]  ventricle 
from  120  to  180  e.c. 

2.  To  Derive  a  Special  Formula  for  Work  of  Heart. 
Formula:  I^t  ]r=  work  done. 

"  H=  height  in  cm. 

"    </  =  weight  in  grammes. 

in  =  centimeters  of  Hg  pressure. 

"    h  =  number  c.c.  of  blood  ejected  at  one  systole. 
Xow  a  general  formula  for  work  done  when  the  work  is  to  be  ex- 
pressed in  Gm.-cm.  is  :   ir=  /7  x  H.    To  determine  \\\  we  have 
to  first  find  the  value  of  (j  and  11,    A  pressure  of  m  cm.  of  mer- 
cury would  be  e([ual  to  a  pressure  of  13.6  m  cm.  of  water  and 

Vo5^~  cm.  of  blood.    The  work  done  in  ejecting  from  the  heart 

7  grammes  of  blood  against  m  cm.  of  mercury  pressure  would  be 
the  same  as  the  work  done  in  raising  g  gms.  of  blood  to  the  height 
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of  , '  >  cm.    Now  what  is  the  weight  of  6  c.c.  of  blood  ?  Nat- 

orally  the  volume  times  the  specific  gravity  or  g  =  h  x  1.055. 
The  formala  would  therefore  be  : 

_    6x1^     13.6  xm 

3.  Problems. — (a)  How  much  does  the  left  ventricle  perform  in 
each  systole  if  120  c.c.  of  blood  is  ejected  against  14  cm.  of  pres- 
sure? r=  13.6  X  120  X  14=  22848  gramme-centimeters.  (6) 
I  How  much  work  does  the  heart  perform  at  each  systole  if  the 
right  ventricle  expels  the  same  quantity  of  blood  against  two- 
fifth?  38  great  pressure  ? 

ir=  [13.6  X  120  X  14]  +  [l3.6  x  120  x  —3—]  or  ~-  of 

work  done  by  left  ventricle  alone  =  31987  gnimme-centi meters. 
W  How  much  work  will  the  heart  do  in  24  hours  if  it  ejects 
loOcc.  of  blood  into  the  arteries  against  150  mm.  of  Hg  pressure 
>tthe  rate  of  60  beats  per  minute.  Tr=  13.6  x  15  x  150  x  60 
X  24  =  2,115,072,000  gramme-centimeters,  {d)  If  that  repre- 
^ntsthe  number  of  gramme-centimeters  of  work  done  by  the  heart 
of  a  man  of  60  Ko.  weight ;  how  many  meters  would  that  amount 
of  work  lift  his  body  vertically? 

...    136  X  15  X  150  X  60  x  60  x  24         ^  ^  ^ 

"  =  lOOO-^fO-0^-60  =  ^''-^ 

It  would  take  about  two  hours  of  hard  climbing  for  a  man  to  lift 
his  body  through  350  meters ;  so  that  the  heart  can  do  about  one- 
fourth  as  much  work  as  all  of  those  skeletal  muscles  involved  in 
locomotion  or,  in  fact,  in  manual  labor. 


/.  The  Sounds  of  the  Heart. 

1.  Character. — There  is  a  succession  of  two  sounds  separated 
by  a  pause — liib-dttp— lub-di1p,  etc.  The  first  sound  (lub)  is 
longer  in  duration  and  lower  in  pitch  than  the  second. 

2.  Oause  of  the  Heart-sounds,  (a)  Thk  First  Sorxi). — 
It  is  synchronous  with  ventricular  systole  ;  it  is  therefore  univer- 
sally associated  with  the  events  which  are  takin<r  place  in  the 
heart  at  the  time  :  (i)  Vigorous  muscular  contractions  ;  (11)  fric- 
tion of  blood  rushing  through  the  semilunar  valves  ;  (  in)  friction 
of  surface  of  heart  incident  to  its  chanj^e  of  shape  within  the  peri- 
cardium ;  (iv)  fricti<m  of  heart  against  neighboring  structures  in 
the  thorax  incident  to  its  change  of  position  in  the  thorax.  .Vs 
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any  one  of  these  four  factors  may  be  variously  modified  by  various 
diseases,  it  is  evident  that  a  close  study  of  the  normal  heart  sounds 
is  of  great  importance. 

(6)  Thk  SEa)ND  Sound  of  the  heart  is  synchronous  with  the 
closure  of  the  semilunar  valves  of  the  aorta  and  pulmonary  artery, 
and  as  the  quality  of  the  sound  is  such  as  might  readily  be  at- 
tributed to  the  closure  of  those  valves,  it  is  now  quite  generally 
interpreted  in  that  way.  The  fact  that  a  lesion  of  these  valves 
makes  a  marked  change  in  the  quality  of  the  second  sound  would 
seem  to  demonstrate  conclusively  that  the  closure  of  the  semilunar 
valves  is  at  least  the  most  important  factor  in  the  second  sound. 
The  most  advantageous  position  for  hearing  the  first  sound  is  at 
the  apex,  while  the  second  sound  is  most  easily  heard  over  the 
base  of  the  heart. 

2.  THE  CIRCULATION  OF  THE  BLOOD. 

The  problems  of  this  field  of  physiology  are  physiciil  problems, 
of  the  flow  of  liquids  through  tubes.  As  far  as  arterial  circula- 
tion is  concerned  the  phenomena  are  those  of  the  flow  of  liqukh 
through  elmtic  tuh&t  uruhr  the  inflnenee  of  an  intennittAnd  initial  force. 
For  the  physical  presentation  of  these  problems  see  the  physical 
introduction  to  this  chapter. 

a.  The  Circulation  in  the  Arteries. 

1.  Oanse. — There  is  one,  and  only  one,  cause  for  the  flow  of 
blood  in  the  arteries ;  namely,  ventricular  ny stole.  The  high  intra- 
ventricular pressure  induced  by  the  systolic  contraction  is  trans- 
mitted to  the  large  arterial  trunks.  The  blood  flows  from  the  lefl 
ventricle  to  the  aorta  because  the  pressure  is  higher  in  the  ventricle 
than  in  the  aorta ;  it  flows  from  the  aorta  into  its  branches  because 
the  pressure  is  higher  in  the  aorta  than  in  its  branches,  and  so  on, 
the  energy  of  ventricular  systole  being  gradually  expended  in 
overcoming  resistance,  so  that  the  lateral  pressure  gradually  de- 
creases from  the  ventricle  to  the  capillaries. 

The  initial  energy  is,  however,  not  all  expended  in  forcing  the 
blood  to  and  through  the  capillaries,  so  that  there  is  still  a  small 
residuum  of  heart  energy  left  when  the  blood  enters  the  veins  to 
assist  other  factors  in  returning  the  blood  to  the  heart. 

2.  Blood  Pressure,  {a)  Methods  of  Determining. — The 
blood-pressure  is  usually  determined  by  the  use  either  of  a  mer- 
curial manometer  or  of  a  spring  manometer.  The  mercurial 
manometer  was  first  used  and  modified  for  this  purpose  by  T^ud- 
wig.  His  complete  apparatus  for  measuring  and  recording  the 
quantity  and  variations  of  blood-pressure  consists  of  the  niereurial 
manometer  whose  proximal  limb  is  connected  to  the  arter}-  through 
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a  lead  or  rubber  tube  and  canula  iSlled  witk  a  solution  which  will 
retard  the  coagulation  of  the  blood.  The  distal  limb  is  fitted  with 
an  ivory  float  which  bears  a  tracing  point.  The  complete  manom- 
eter as  described  is  fixed  to  a  recording  apparatus  which  consists 
of  a  rotating  cylinder  propelled  bj  clock-work.  Originally  the 
whole  apparatus  was  called  a  kymoffraphion  (wave-writer) ;  later 
the  term  kymographion,  shortened  to  kymograph,  has  been  applied 
to  the  recording  drum  which  is  now  extensively  used  in  experi- 
mental physiology. 

The  spring  manometer  of  Fick  utilizes  the  principle  that  pres- 
sure of  liquid  within  a  tube  tends  to  straighten  the  tube.  A  thin 
C-shaped  steel  tube  is  brought  into  connection  with  an  artery. 
The  pressure  of  the  blood  transmitted  through  the  connections  to 
the  liquid  with  the  C-tube  will  straighten  it  slightly.  The  proxi- 
mal end  of  the  tube  being  fixed,  the  distal  end  moves  back  and 
forth  with  each  variation  of  pressure. 

The  mercury  manometer  gives  a  very  exact  measure  of  the 
amount  of  the  pressure  within  the  artery  but  the  inertia  of  the 


Fio.  105. 
a  5  e  d 


Showing  the  relation  of  arterial  pressure  to  intra-Tentrloular  preitare.  Time  relatlona: 
a,  beginning  of  auricular  systole ;  6,  opening  of  semi-lunar  Talre ;  c,  maximum  of  syitolle 
pressure ;  </,  closure  of  semi-lunar  Talres. 


mercury  is  too  great  to  follow  faithfully  the  minor  variations  of 
pressure :  It  shows  the  Traube-Hering  curve,  the  respiratory  wave 
and  the  systolic!  wave  but  it  does  not  show  the  dicrotic  wave. 
The  spring  manometer  on  the  other  liand  shows  the  dicrotic  wave 
as  well  as  the  others. 

(A)  Kklation  of  Arterial  Pressure  to  Intra-vextric- 
I'LAR  PuJxsi'UE. — As  stated  above,  the  arterial  pressure  is  the 
transmitted,  intra- ventricular  pressure.    The  accompanying  figure 
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(Fig.  105)  shows  that  pressure  within  the  aorta  does  not  rise  until 
the  opening  of  the  semilunar  valves ;  that  the  crest  of  the  systolic 
wave  of  aortic  pressure  coincides,  near  the  heart,  with  the  crest  of 
the  intra-ventricular  (systolic)  wave ;  that  there  is  no  "  plateau  " 
of  pressure  in  the  artery ;  that  the  closure  of  the  semilunar  valves 
marks  the  beginning  of  the  fall  in  the  ventricular  wave  and  a  super- 
imposed (dicrotic)  arterial  wave ;  and  that  arterial  pressure  con- 
tinues to  fall  until  the  semilunar  valves  open  again. 

(c)  Variations  of  Arterial  Pressure. — («)  Cyclical  van- 
aiions  may  be  considered  as  :  (i)  Cycle  of  variation  due  to  heart 
controA^tion.  (See  Fig.  106,  Waves ///and  IV.)  The  rounded 
systolic  wave,  as  shown  by  a  mercurial  manometer,  or  the  systolic 
with  its  superimposed  dicrotic  wave,  belongs  to  this  class,  (ii) 
Cycle  of  variations  due  to  the  rhythmical  action  of  the  respiratory 
musculature.  (See  Fig.  106,  Wave  //.)  Respiratory  wave  ii  is 
the  result  of  the  influence  of  the  respiratory  musculature.  How 
is  this  result  brought  about?  Note  :  1st,  that  the  pressure  rises 
during  inspiration ;  2d,  that  it  falls  during  expiration ;  3d,  that 
the  maximum  pressure  occurs  after  the  end  of  the  inspiratory 
movement ;  and  4th,  that  the  minimum  pressure  occurs  after  the 


Fig.  106. 


preaeure 


A  typical  tracinff  of  arterial  blood-pressure.  T,  Trniilx^-Heriiig  curve  or  tonus-wavo  is  a 
wave  or  /  order  ;  //,  respiratory  wave,  is  a  wave  of  II  order,  /.  r.,  superimposed  ui>on  7.  ///, 
systolic  waves,  are  waves  of  ///  order,  i.  e.,  superimposed  upon  //.  /!',  Dicrotic  wave,  is  re- 
corded by  Kick's  spring  kymograph,  is  a  wave  of  /I' order. 


end  of  expiration.  The  pressure  rises  during  inspiration  V)eeausc 
there  is  greater  negative  pressure  in  the  thorax,  drawing  more 
venous  blood  to  the  right  auricle  and  leading  either  to  a  greater 
quantity  of  blood  being  ejected  from  the  heart  at  each  systole,  or 
to  an  increase  of  the  rate  of  the  heart  beats.  (Sterling  and  others 
have  observed  the  latter.)  The  pressure  falls  during  expiration 
for  rea-sons  the  converse  of  those  just  stated.  The  maximum 
pressure  occurs  after  the  end  of  inspiration  and  the  minimum 
pressure  after  the  end  of  expiration,  because  there  is  a  lapse  of 
about  one  setK)nd  before  the  change  wrought  by  respirator}-  move- 
ments can  have  its  etteet  on  the  quantity  of  blood  ejected  from  the 
left  vvntrich'. 
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(^)  Periodic  variation,  due  to  changes  in  arterial  tonus  or  to  the 
degree  of  constriction  under  the  influence  of  the  vaso-motor  nerves. 
(See  Fig.  106,  wave  /.)  These  long  waves  are  called  Traube- 
Hering  curves  because  first  discovered  and  described  by  those 
whose  names  they  bear. 

3.  The  Velocity  of  the  Plow. — (a)  Methods  of  Determin- 
ing.— («)  Volkmann's  hirmodromomder,  shown  in  Figs.  107  and  108. 
As  the  cut  indicates,  this  instrument  consists  of  a  U-shaped  tube. 


Fk;.  107. 


Fig.  108. 
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Volkiuann's  iKpnitxironionieter  for  lueaHnring  the  rapidity  of  the  arterial  circulation. 

about  2  ')  em.  in  length.  The  lumen  of  the  tube  is  made  continu- 
ous with  the  lumen  of  the  artery  by  severing  the  latter  and  placing 
the  proximal  end  over  an  entrance  cannula  and  the  distal  end 
over  an  exit  eaiinula.  Two  3- way  stopcocks  control  the  entrance 
and  exit.  In  the  adjustment  shown  in  the  left-hand  figure  the 
blood  passes  directly  through  the  instrument.  When  the  cocks 
are  turned  as  in^lieated  in  the  right-hand  figure  the  blood  passes 
along  the  T-tube.  In  making  an  observation  the  tube  was  filled 
with  water,  wliieli  was  driven  into  the  artery  when  the  tube  filled. 
The  time  recjuired  lor  the  stream  to  advance  25  cm.  was  taken  to 
e(|ual  the  velocity  of  How  in  the  artery  of  the  same  lumen.  The 
results  were  far  short  of  the  actual  velocity  because  of  the  resist- 
ance of  the  apparatus,  and  the  contraction  of  the  distal  end  artery 
due  to  the  action  of  the  water  upon  it. 
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(/9)  Chauvemi^H  dromograph  consisted  of  a  braas  tube  to  be  in- 
serted into  the  lumen  of  a  severed  artery.    The  blood  flowing 
through  the  tube  pressed  against  the  lower  end  of  a  needle  pivoted 
in  the  wall  of  the  tube ;  deflecting  it  from  its 
Fig.  109.         zero  position  by  overcoming  a  resistance.  The 
distal  end  of  the  needle  indicated  u]X)n  a  dial 
the  relative  velocity  of  the  stream  within  the 
tube. 

{j)  Lmlwig^s  stromuhr  is  a  modification  of 
the  principle  used  by  Volkmann.  The  U-tube 
is  replaced  by  a  double  chamber  (Fig.  109) 
whose  volume  is  known.  Instead  of  stop- 
cocks, the  chambers  opening  through  plate  D 
communicate  with  the  cannulse  which  open 
through  plate  /.  After  one  of  the  chambers 
is  filled  the  plate  J>  is  quickly  rotated  through 
180°,  with  the  aid  of  the  milled  head  above 
H.  This  reverses  the  direction  of  the  stream 
through  the  chambers.  The  proximal  cham- 
ber (C)  is  filled  with  oil,  the  distal  chamber 
(B)  with  normal  saline  solution,  through  the 
tube  {H)y  which  is  thereupon  clamped.  The 
proximal  cannula  (F)  is  inserted  into  the  prox- 
imal end  of  the  cut  artery.  The  plate  I)  is 
turned  just  enough  to  shut  off  the  continuity 
Ludwig's  stromuhr.  of  the  lumcu.  To  make  an  observation,  turn 
the  plate  />  to  0°,  taking  the  time  to  fifths  of 
a  second  ;  the  blood  rushes  through  the  proximal  cannula  up  into 
chamber  C;  the  oil  floats  upon  the  blood  without  mixing  with  it, 
and  flows  into  chamber  B,  pushing  the  warmed  saline  solution 
into  the  distal  jx)rtion  of  the  artery.  When  the  blood  has  reached 
the  point  at  which  the  oil  stood  in  the  first  adjustment  the  instru- 
ment is  reversed,  time  noted,  and  the  chamber  B  (now  the  oil- 
filled,  proximal  chamber)  receives  the  blood  from  the  proximal 
cannula  (F),  while  the  blood  in  chamber  C  is  passed  on  into  the 
artery. 

With  this  instrument  one  determines  in  advance  the  radin^s  (/•) 
of  the  cannula,  which  is  chosen  for  an  artery  of  approximately 
equal  radius  ;  the  qunniity  ((/)  which  the  chamber  contains.  Dur- 
ing tha  experiment  one  observes  the  tiim  {i)  in  seconds  required  to 
fill  the  chamber ;  n  number  of  times.  The  following  formula  may 
be  used  :  Vchciti/  (r)  equals  a  constant  factor  (K)  multiplied  by 
the  number  of  times  the  chamber  filled  (n)  and  divided  by  the  time 

(t)  required  to  fill  it  n  times,  or  v  ' 

*  The  general  formula  given  is  derived  thus  : 

(i)  Discharge  equals  velocity  times  area  of  lumen  :  2>=  m. 
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(b)  Variation  of  Velocity. — From  the  formula  v  =  — ,  it 

is  evident  that  the  velocity  will  vary  directly  with  the  discharge 

and  inversely  as  the  area  ;  j^i?  varies  as  Z) ;  v  varies  as  -  J  in  other 

words  the  velocity  will  be  increased  by  anything  which  increases 
the  discharge  and  by  anything  which  decreases  the  sectional  area 
of  the  vessels  through  which  the  blood  flows. 

(a)  The  force  and  rate  of  the  cardiac  systole  cause  a  marked  vari- 
ation in  the  velocity  of  the  flow.  Experiments  demonstrate  that 
the  discharge  of  a  nozzle  will  be  increased  by  increasing  the  height 
of  water  in  reservoir  above  the  nozzle  (/>  varies  as  s/h ,  see  Physical 
Introduction)  and  further  that  the  discharge  will  be  increased 
under  intermittent  pressure  when  either  the  rate  or  force  of  the 
muscular  contractions  is  increased,  and  much  more  if  both  rate 
and  force  be  increased  together.  We  may  say  then  that  the  velocity 
increases  with  rate  of  heart  beat  when  ail  other  variables  remain  con- 
slant  and  with  force  of  heart  beat  other  variables  remaining  constant. 

Fig.  110. 


Helutiou  of  velocity  to  area. 
Let  arterial  velocity  =•  r 
Venous  vehwity  or  3^  t 

r 

Capillary  velocity  -=gyQ 


When  both  rate  and  force  are  increased  the  velocity  will  be  very 
much  increased.  When  one  of  these  factors  increases  while  the 
other  decreases  the  velocity  may  or  may  not  be  increased  (r  varies 
as  rate  x  force). 


(II)        r  = 


1) 


(hi)  Hut      =      and  (i  =  7rr». 

(iv)  .-.  v=  '^"^^  or  '^X  y  ;  J i  '^^  ^  constant  quantity  and  may  be  repre- 
senti'<l  by  A',  whose  vahie  may  bo  calculattnl  once  for  all  for  each  instrument. 
( V )  .  ■ .  v=-^  Kj  a  general  formula  for  the  8tromuhr. 
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(^?)  The  sectional  area  is  also  an  important  factor.  Anything 
which  causes  an  increase  in  the  sectional  area  will  cause  a  decrease 
in  the  velocity ;  and  conversely.  *^  The  velocity  of  the  current 
in  various  sections  of  the  vessels  must  be  inversely  as  their  sec- 
tional area."  Volkmann  determined  the  average  velocity  of  the 
capillaries  to  be  approximately  as  great  as  the  velocity  in  the 
aorta.  We  may  reason  backwards  and  conclude  that  the  combined 
sectional  area  of  all  the  capillaries  equals  approximately  500  times 
the  sectional  area  of  the  aorta  at  the  base  (see  diagram,  Fig.  110). 
The  vaso-motor  muscle-nerve  system  may  induce  variation  of 
terminal  sectional  area  and  therefore  influence  velocity  in  periphery. 

4.  The  Pulse. — Though  this  topic  should  logically  come  under 
consideration  with  (2)  Variations  of  Blood-pressure,  its  importance 
clinically  and  the  fact  that  a  number  of  extra  factors  are  involved 
in  it  justify  a  separate  discussion. 

The  determination  of  blood-pressure  with  the  Ludwig  or  Fick 
instrument  is  immediate  or  direct  while  the  determination  of  the 
pressure  by  an  examination  of  a  superficially  located  artery  is 
mediate  or  indirect.  In  the  first  case  the  character  of  the  arterial 
walls  or  of  the  tissues  overlying  the  artery  cuts  no  figure  while  in 
the  examination  of  the  pulse  these  are  important  factors.  Until 
comparatively  recently  no  other  means  for  the  examination  of  the 
pulse  has  been  used  than  palpation  with  the  finger  tips  ;  even  now 
this  method  is  most  important  and  the  tactit^  eruditns  reveals  to 
the  physician  all  important  variations  of  the  pulse. 

(a)  Instrumexth  for  Recording  the  Pulsations  of  an 
artery  are  called  Sphy</mo(/raphs.  There  are  several  forms.  The 
one  in  most  common  use  by  clinicians  is  the  Dudgeon  sphygmo- 
graph.  An  essential  feature  of  this  instrument  is  a  system  of 
com{K)und  levers  which  transmits  the  movement  of  the  arterial 
wall  from  the  foot  or  pad  which  rests  upon  the  skin  over  the 
artcr}'^  to  a  tracing  point  connected  with  the  last  lever.  This 
system  of  levers  multiplies  the  motion  of  the  foot  about  fifty 
times.  A  second  feature  of  the  instrument  is  a  recording  appa- 
atus  consisting  of  a  clock-work  which  turns  a  pair  of  small  cylin- 
ders between  which  runs  a  slip  of  blackened  paper.  The  tracing 
point  rests  upon  this  paper  and  records  there  the  magnified  move- 
ments of  the  foot  or  pad. 

The  Sp/n/(/mo(/raph  has  the  great  advantage  that  it  makes  a 
record  of  the  variation  of  pressure,  and  when  properly  used  may 
reveal  many  facts  about  the  general  condition  of  the  circulatory 
system.  The  disadvantages  of  this  instrument  are  that  slight 
variations  in  the  location  of  the  artery  in  different  individuals 
lead  to  variations  in  the  tracing ;  that  accumulation  of  fat  on  the 
wrist  may  also  "obscure"  the  artery  and  make  the  use  of  tlie 
sphygmograph  difficult  or  make  the  results  of  no  value  ;  and, 
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finally,  faulty  adjustments  of  the  instrument  lead  to  widely  vary- 
ing results  with  the  same  pulse.  When  the  sphygmograph  is 
used  with  all  its  disadvantages  known  and  carefully  weighed,  or 
avoided,  it  may  be  a  most  valuable  adjunct  in  physical  diagnosis, 
especially  for  making  a  permanent  record  of  a  pulse  for  subse- 
quent reference  or  comparison. 

(6)  The  Pulse-tracing  or  Sphyomooram. — It  will  be  seen 
at  once  by  reference  to  Fig.  Ill  that  upstroke  A  and  downstroke 
B  represent  the  rise  and  faH  in  pressure  due  to  ventricular  systole 
and  diastole.  Obeying  the  general  laws  of  liquids  under  inter- 
mittent pressure,  the  impulse,  or  puike^  is  transmitted  along  the 
arteries  as  a  wave  or  undulation  of  the  arterial  walls.  The  sud- 
den upstroke  A  indicates  the  sudden  influx  of  blood  into  the  aorta 
during  systole,  while  the  gradual  fall  of  the  part  B  indicates  the 
gradual  fall  of  arterial  pressure  during  diastole.  The  small  waves, 
1,  2  and  3,  superimposed  upon  B^  are  called  in  order :  1.  Tidal 
uHive,  or  priedicrotic ;  2.  Dicrotic;  3.  PoMunvtic.  The  apex  (A) 
is  called  the  Pei'eusfAon  wave  or  Sydolic  wave.  The  dicrotic 
wave  is  due  to  the  closure  of  the  semilunar  valves.  The  predi- 
crotic  and  postdicrotic  waves  are  due  to  the  elastic  tension  of  the 
arteries.  Once  set  in  motion  the  wall  tends  to  continue  to  vibrate 
under  the  influence  of  a  series  of  secondary  waves. 

These  secondary  waves  fall  into  two  classes.  Fig.  Ill  gives  a 
scries  of  sphygmograms  from  normal  individuals  in  widely  vary- 
ing states  of  blood-pressure,  the  highest  pressure  bdng  shown  in 
sphygmogram  No.  (1).  From  No.  (1)  to  No.  (11)  the  arterial 
blood-pressure  is  progressively  lower,  even  merging  into  the  pa- 
thological in  Nos.  (10)  and  (11),  which  were  taken  in  the  fever 
stage  of  acute  "  cold." 


Fig.  111. 


Sphygmognuns  ftrom  nomuU  indiridnala. 


The  two  classes  of  superimposed  curves  come  out  into  promi- 
nence in  tills  series :  The  Predicrotic  and  Postdicrotic  waves  as 
sliown  in  Nos.  (3),  (4)  and  (5),  which  are  typical,  and  average 
normal  tracings,  belong  clearly  to  the  class  shown  on  the  dovm- 
stroke  B  of  Nos.  (1)  and  (2),  where  no  dicrotic  wave  may  be  dif- 
ferentiated. There  may  be  four,  five  or  even  six  or  seven  of  these 
wavelets  on  a  high-j)ressure  sphygmogram.  They  are  called 
"  ehdicUif  mtves^  With  gradually  decreasing  pressure  the  less 
tense  and  v(tv  extensible  arterial  Mrall  shows  a  decreasing  tendency 
to  transmit  these  waves  until  finally  they  are  not  discernible. 
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The  dicrotic  wave,  however,  is  more  and  more  pronounced  with 
gradually  decreasing  pressure.  Note  wavelet  2  in  tracings  Nos. 
(3)  to  (11).  In  Nos.  (3),  (4)  and  (5)  where  we  have  both  elastic- 
ity waves  and  the  dicrotic  on  the  tracing,  the  dicrotic  is  probably 
a  resultant  of  two  causes :  (1st)  the  cause  of  the  second  elastic 
wave  and  (2d)  the  closure  of  the  semilunar  valves,  because  there 
would  naturally  be  an  elastic  wave  at  2  any  way  and  beginning 
with  tracing  No.  (3),  some  extra  cause  seems  to  be  operating  to 
emphasize  or  increase  wavelet  2.  Finally  in  tracing  No.  (6). 
The  conditions  necessary  for  the  transmission  of  the  elasticity 
waves  have  disappeared  while  the  dicrotic  continues  to  increase. 

(e)  Variations  of  the  Pulse-rate  are  found  to  depend 
upon  agCy  height,  muscular  activity,  state  of  the  eitiotions.  Then  be- 
sides a  certain  range  of  individml  variation  there  is  a  wide  range 
of  pathological  variation, 

(a)  Variation  with  age:  At  birth  the  rate  is  130  to  140.  By 
about  the  18th  year  it  gradually  decreases  to  the  average  for  adult 
life  which  is  from  60  to  75  or  not  far  from  70  per  minute.  This 
rate  is  maintained  until  the  beginning  of  the  senile  period  between 
the  50th  and  60th  year  when  there  is  a  gradual  increase  to  80  or 
more  per  minute. 

(/9)  Variation  with  height :  Short  individuals  have  a  faster  rate 
than  tall  ones ;  a  height  of  140  to  150  cm.  (4  ft.  8  to  5  ft.)  cor- 
responding to  a  rate  of  74  per  minute  while  180  cm.  (6  ft.)  cor- 
responds to  60  per  minute. 

(j)  There  is  a  variation  of  the  pulse  rate  with  varj'ing  muscu- 
lar activity,  the  rate  being  increased  to  a  greater  or  less  extent  by 
exercise. 

(5)  With  emotional  excitement  the  pulse  may  be  greatly  in- 
creased in  rate. 

6.  The  Circulation  in  the  Capillaries. 

1.  Cause  and  Variations. — The  ultimate  cause  of  the  bUxxl- 
pressure  in  the  capillaries  is,  of  course,  the  force  of  ventricuhir 
systole.  Thouofh  the  capillary  pressure,  and  therefore  capillary 
flow,  is  ultimately  caused  by  systole,  it  is  immediately  varied  by 
change  in  the  lumen  of  the  arterioles.  If,  for  example,  the  local 
blood  supply  is  increased,  by  a  widening  of  the  arterioles  under 
the  influence  of  the  vaso-motor  nerve-muscle  apparatus,  then  the 
capillary  pressure  will  be  much  increased.  On  the  other  hand,  if 
the  local  blood  supply  Ik?  decreased  through  narrowing  of  the 
arterioles  the  capillary  tension  will  be  much  decreased.  In  the 
first  Ciiso  the  resistance  offered  by  the  arterioles  is  decreased,  while 
in  the  second  case  it  is  increased.  But  the  resistance  oifered  l)y 
the  arterioles  is  the  variable  factor  of  the  i>eripheral  resistance. 
The  greater  the  arteriole  resistance  the  less  the  eapillary  pressure 
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and  conversely.  Or  it  may  be  thus  stated  :  The  greater  the  sec- 
tional area  of  the  arterioles  the  greater  the  capillary  pressure,  and 
conversely. 

To  sum  up  then  :  The  capillary  pressure  varies,  (i)  directly  as 
the  energy  of  the  heart's  systole  ;  and  (ii)  directly  as  the  sectional 
area  of  the  arterioles.  It  may  be  further  stated  that  the  local 
capillary  pressure,  and  consequently  local  plasma  supply  to  the 
tissues  varies  directly  as  the  local  sectional  arteriole  area. 

Fig.  112. 


Tapiilarv  jilexus  in  the  |K>rti<>n  of  a  web  of  a  frog't*  foot,  uiaflrnificd  110  diametei>i.    1,  trunk 
of  vi  in  ;  2, 1'.  1',  its  branchc.x  ;  3,  3,  pigiiicut  cells.  (Carpenter.) 

2.  Results. — This  relation  l)etween  the  condition  of  the  arte- 
rioles and  capillary  pressure  is  a  most  important  physiological  fact. 
For  a  concrete  case  let  us  supiK)se  that  the  blood,  rich  in  food- 
stuifs  from  a  recent  meal,  is  on  its  way  from  the  digestive  organs 
to  the  general  system  ;  the  individual  resumes  his  work,  which,  let 
us  suppose,  is  manual  hihor  involving  esiK^eially  the  muscles  of 
the  arms  ;  the  arterioles  of  the  arms  dilate ;  the  local  blood-sup- 
ply is  much  increased,  probably  doubled ;  the  veins  and  lym- 
phatics are  rapidly  emptied  by  the  working  of  the  muscles  ;  with 
the  fall  of  tension  in  the  arterioles  has  come  an  increase  of  capil- 
lary pressure,  the  incrca.sc  is  so  great  that  the  rich  plasma  is  forced 
through  the  permeable  capillary  walls  and  bathes  the  muscle- 
cells.  Under  such  conditions  a  certain  amount  of  the  waste  prod- 
ucts will  enter  the  capillaries  near  their  junction  ^vith  the  veins, 
where  the  pressure  is  low,  but  mu(»h  will  also  leave  the  working 
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miMclc  by  wav  of  the  lymph  radicles  and  lymphatics^  some  will 
be  retainer!  and  after  a  few  boars  the  moscle  will  be  {atigaed,  or 
will  "  feel  tired  " — a  rest  iii  in  order.  Daring  rest  the  arterioles 
contrarrt,  capillar}'  preseare  falls  and  the  accumalated  products  of 
destructive  metabolism  readily  find  their  way  into  the  capillaries, 
are  carried  to  the  orgaas  of  excretion  and  thrown  out  of  the 
system, 

3.  Method  of  Detemuning  Oapillary  Pressure. — Von  Kries 
used  a  glass  plate  of  known  dimensions^  to  which  was  hung  a 
scahf-pan,  the  weight  of  the  scale-pan  and  plate  plus  the  weight 
nec(;ssary  tr>  exclude  the  blood  from  the  capillaries  equals  the 
pressure  for  the  area  of  the  plate.  If  the  area  of  the  plate  be  100 
square?  millimcilers ;  if  the  weight  of  the  apparatus  be  5  gms. ;  if 
tlie  weight  added  to  suppress  capillary  circulation  be  22.2  gms., 
and  if  Po  Ik;  the  f^apillary  pressure  per  sq.  mm.,  then  100  Pe  = 
272(H)  milligrams ;  Pf  =  272  mgs.,  Expressed  in  height  of  column 
272 

of  mercury :  i>  =  j^-j,  =  20  millimeters  of  mercury.  Several 

different  methods  have  been  used  which  involve  the  same 
principle. 

A  slight  mf>difif*ation  of  v.  Kries's  method  (see  Fig.  113)  may 

be  used.  The  plate  which  rests  upon 
the  finger  has  no  raised  plate  of  known 
area ;  it  therefore  becomes  necessary  to 
determine  the  area  of  the  part  from 
which  capillary  circulation  is  excluded. 
Suppose  its  diameter  to  be  8  mm. ; 
weight  of  apparatus,  3.35  gms. ;  weight 
added  to  stop  eapillarv  circulation  in 
areji  exposed,  20  gms. ;  total  weight  = 
23.35  gms. 

From  the  ex}x?riment  above  cited 
one  may  make  the  following  general 

formula  :    Pe  =      when  w  =  weight 

in  milligrams ;  when  a  =  area  in  square 
mm. ;  when  (/  =  sp.  gr.  of  mercurv. 
But  a  =  zr,  therefore  the  formula  bo- 
comes  : 

1        V'  1 


VuK  113. 


tr 


ApparatiiH  for  «l«-t<Tniliiinj(  tho  eai)- 
lllury  iircnHiirc. 


Pc  =      ^  = 


-  X  2 


But 
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constant    quantity,   »r   and    ;•  only 
\H'\njr  varialdc,  so  that  we  may  give  as  a  general  formula  for 


tliin  apparatus :    /'<■  =  K  !j   or  the  copil/ary  prexxiin'  e<pi<il><  <i 
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eondant  (0.0234)  muttipiied  by  the  weight  required  to  exdude  the 
capillary  circulation  from  an  area  and  divided  by  the  radius  of  the 
area  squared.  The  result  thus  obtained  is  in  millimeters^  and  rep- 
resents the  height  of  a  column  of  mercury  which  would  balance 
the  capillary  pressure. 

The  various  results  of  von  Kries,  Ray  and  others  vary  from 
15  mm.  Hg  to  50  mm.  Hg,  according  to  the  relation  of  the 
various  fiustors  involved  in  the  capillary  pressure  at  the  time  of 
determination.  The  position  of  the  part  has  been  found  to  be  an 
important  element.  If  the  hand  be  held  above  the  level  of  the 
shoulder,  for  example,  the  capillary  pressure  will  be  much  decreased. 

4.  DiapedesiB.  (See  Fig.  114.) — ^The  term  diap^esis  is  used 
to  express  the  passage  of  corpusdes  through  the  capillary  wall.  The 
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DUpcdesis.  1,  adhesion  to  wall;  2,  findinff  opening  bj  pceadc^Md:  3,  tntTeraing  the 
wall ;  4,  resumption  of  active  form ;  normal  liela ;  showing  large  capillary  with  oorpotelea 
in  center  of  bliMxl  Mtreaiu  ;  field  of  irritation,  leucocytes  leaving  current  and  sticking  to 
wall,  caufting  a  partial  blocking  of  flow  of  red  corpuscles. 

passage  of  white  corpuscles  through  the  capillary  wall  is  a  normal 
])rocess  and  is  the  result  of  an  amoeboid  movement  of  the  leuco- 
cyte ;  but  the  passage  of  red  corpuscles  is  looked  upon  as  an  ab- 
uormal  process  by  most  physiologists.  The  process  may  be  an- 
alyzed into  several  ac^ts :  (i)  Adhesion  to  wall ;  (ii)  finding  of 
o|)cning  by  pseudopod ;  (iii)  tlie  ameboid  movements  and  flow- 
ing of  protopliu^iii  incident  to  traversing  the  wall ;  (iv)  resumption 
of  typical  form  and  migration  through  tissues.  The  immense 
importance  of  this  j)roees8  was  first  emphasized  by  Conheini.  In 
inflammation  both  red  and  white  corpuscles  (but  the  white  are  far 
more  numerous)  migrate  in  myriads  into  the  tissues.  Here  the 
white  eorpusclcs  may  be  sacrificed  for  the  good  of  the  organism. 
Dead  leucocytes  are  called  pun  corpus^'le^t. 
12 
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c.  The  Circulation  in  the  Veins. 

1.  Forces  Involved  in  Venous  Circulation. — («)  Residuum 
of  heart-pressure  exerted  through  the  capillaries.  (^5)  Action  of 
diaphragm  and  intercostals  in  causing  negative  intra-thoracic  pres- 
sure during  inspiration,  actually  lifting  the  column  of  blood  in  the 
ascending  vena  cava.  (;')  Ventricular  systole  causing  negative 
intra-thoracic  pressure  at  end  of  systole  and  beginning  of  diastole, 
through  the  sudden  decrease  in  volume  of  heart.  {3)  Action  of 
muscles  pressing  upon  the  veins,  (e)  The  force  of  gravitation, 
which  materially  assists  in  filling  the  ventricles  and  the  left  auricle, 
as  well  as  in  assisting  the  flow  in  the  jugulars  and  descending  or 
anterior  vena  cava,  while  it  retards  the  flow  in  the  veins  below  the 
heart.  (^)  Contraction  of  the  mouths  of  the  veins,  (jj)  Under 
certain  circumstances,  positive  intra-abdominal  pressure,  during 
inspiration  and  expiration  (forced).  {0)  Negative  intra-thoracic 
pressure  through  pushing  out  of  the  anterior  thoracic  wall  by  the 
apex-beat  of  the  heart. 

Of  these  forces  the  first  three  are  the  efficient  forces  of  venous 
circulation,  the  remaining  forces  are  either  so  small  in  relation  to 
the  first  three  that  they  may  be  ignored  or  they  act  only  under 
special  conditions.  The  force  of  gravitation,  though  it  assists  the 
downward  flow  in  all  veins  and  retards  the  upward  flow,  may 
rather  be  recorded  among  the  factors  which  modify  venous  circu- 
lation. Any  action  of  the  walls  of  the  abdominal  cavity  (descent 
of  diaphragm  in  inspiration  or  contraction  of  the  lateral  walls  in 
expiration)  will  force  toward  the  thoracic  cavity  any  l)lood  in  tlic 
abdominal  veins,  but  it  will,  to  the  same  degree,  keep  out  of  tlio 
abdominal  veins  any  l^lood  in  the  legs. 

2.  Causes  and  Variations  of  Venous  Pressure. — Tlie  forces 
involved  in  venous  circulation,  as  enumerated  above,  are  tlie  causes 
of  blood-pressure  in  tlic  veins.  Tliese  factors  vary  greatly  in  dif- 
ferent parts  of  the  venous  system  ;  e,  ff.,  in  the  venules  the  prin- 
cipal factor  is  the  residuum  of  heart-force.  In  the  veins  of  the 
limbs  one  imj)ortant  factor  is  muscle-movement  causing  a  flow  to- 
ward the  heart  through  a  pressure  exerted  upon  the  walls  of  tlio 
veins;  this  increases  the  pressure  within  the  veins  and  forces  the 
blood  to  move  in  the  direction  of  least  resistance. 

The  distal  flow  is  blocked  by  the  valves  of  the  veins  and  the 
flow  toward  the  heart  is  thus  increased.  In  the  large  venous 
tninks  near  the  thorax  the  negative  intra-thoracic  pressure — 
caused  by  inspiration,  by  cardiac  systole  and  by  the  apex  beat — 
is  the  principal  factor  of  venous  circulation,  operating  not  by 
causing  higher  pressure  at  the  periphery,  but  by  causing  lower 
pressure  at  the  center.  The  ([uickening  of  venous  circulation 
through  muscle-movements,  whether  these  movements  be  passive 
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or  active,  is  the  basis  of  the  theory  of  massa^.  All  the  varied 
phases  of  massage  treatment  have  developed  from  this  point,  and 
all  have  the  effect  of  quickening  venous  and  lymphatic  circulation 
primarily  and  of  recuperating  and  rejuvenating  the  tissues  sec- 
ondarily. Active  muscular  exercise  not  only  quickens  venous 
and  lymphatic  circulation  directly  in  the  manner  described,  but 
also  indirectly  through  causing  an  increase  in  the  frequency  and 

Fig.  115. 


riothy.smograph  of  Mrwso.  (Markv.) 


strengtli  of  ventricular  systole  and  furnishing  a  larger  residuum 
of  cardiac  force  for  venous  circulation. 

:>.  The  Plethysmograph. — This  instrument  comprises  a  me- 
tallic or  glass  case  whicli  is  made  to  enclose  an  arm  or  leg,  the 
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IMrthy-iuo^ram.    IU'>piiuti<>ii  h «.ur«|i<'n«h'd.    The  siiiaU  wutcj*  //  are  due  to  Uie  influence  of 

tho  lu'art  alono. 


open  (Mid  of  th<'  case  Ix'ing  closed  with  guttapercha  (see  Fig.  115). 
A  small  tuhe  from  tlic  plethysmograph  connects  with  a  pressure 
apparatus,  and  another  with  a  recording  tambour.     Any  changes 
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in  the  volume  are  accurately  recorded  by  the  tracing  lever  upon  a 
kymograph  drum.  The  ac<5ompanying  plethysmograms  taken  by 
the  author  during  a  class  demonstration  show  the  general  influence 
of  the  circulation  upon  the  volume  of  the  arm. 

Fig.  117. 
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PleUiysmogram.   The  influence  of  respiration  is  added  to  that  of  the  heart.       indicates  res- 
piratory wave ;  A',  exspiratory  portion  ;  /,  inspiratory  portion. 

These  tracings  justify  the  following  conclusions  : 
Fig.  116.  The  volume  of  the  arm  (or  other  portion  of  the  body) 
is  affected  by  the  cardiac  contractions. 

Fig.  118. 
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Plethysmogram.  The  inHuenceof  niusculnr  oontractioD  is  added  to  that  of  r<"»piratinn 
and  heart  cent  ructions.  The  arm  i.H  cin|>tiod  and  the  curve  drops  during  ooutraotion.  The 
respiratory  waves  are  well  marked  iu  portion^  of  the  traciugw. 

Fig.  117.  Tho  volume  of  the  arm  is  influenced  by  tlie  respira- 
tory movements,  being  increased  durintr  expiration  and  deereased 
during  inspiration.  Tlic  reason  for  the  decrease  dunn«r  inspira- 
tion is  that  the  increased  negative  intra-tlioraeie  pressure  einj>ties 
the  veins  of  the  arm. 
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Fig.  118.  The  volume  of  the  arm  is  influenced  by  muscular 
movements,  being  increased  during  relaxation  and  decreased  dur- 
ing contraction.  The  reason  for  the  decrease  during  muscular  con- 
traction is  that  the  pressure  of  the  contracted  muscles  upon  the 
veins  and  lymphatics  empties  them  toward  the  heart.  This  is  a 
demonstration  of  the  validity  of  the  point  given  above  [C\  (1),  (5)] , 
where  muscular  contraction  was  given  as  one  of  the  forces  which 
cause  venous  blood  flow. 

3.  THE  CIBCXJLATION  OF  THE  LYMPH, 
a.  In  the  Lymph  Radicals. 

1.  Causes  and  Variation.  —  After  the  plasma  has  oozed 
through  the  capillary  wall  and  become  lymph,  it  receives  pressure 
from  three  sources  :  (i)  The  capillary  pressure  which  caused  it  to 
filter  through  the  capillary  wall  is  not  all  expended  in  that  proc- 
ess ;  or,  expressed  differently,  as  long  as  more  plasma  is  passing 
into  the  tissues,  the  plasma  or  lymph  already  there  is  forced  on 
through  the  minute  lymph  radicals,  (ii)  Endosmosis  is  the  prin- 
cipal physical  factor  of  lymph  circulation  in  the  lymph  radicals  of 
the  intestinal  mucous  membrane,  (iii)  The  physiological  factor 
Hclection  plays  a  still  more  important  r6le,  but  it  cannot  be  meas- 
ured. Variation  of  any  of  these  factors — the  first  through  varia- 
tion of  capillary  pressure,  or  the  second  and  third  through  the 
conditions  in  the  alimentary  canal— will  cause  a  variation  of  pres- 
sure, and,  as  a  consequence,  a  variation  of  the  flow  in  the  lymph 
radicals. 

6.  In  the  Lymphatics. 

1.  Causes  and  Variation. — (r)  Remduum  of  the  pressure  in  the 
lymph  radicals  is  a  strong  factor,  (ii)  The  most  important  factor 
of  lymph  circulation  in  the  limbs  is  nutscnhir  activity.  As  is  the 
case  with  the  venous  circulation,  so  here  the  efficiency  of  muscular 
activity  depends  u|)(^n  the  presence  of  valves  within  the  vessels. 
The  numerous  lymphatic  glands  in  the  course  of  the  lymphatics — 
esix^cially  in  the  axilla  and  groin — act  somewhat  like  valves  in 
staying  the  reflux  of  the  column  of  lymph  after  it  has  once  passed, 
(ill)  In  all  those  lym]>hatics  near  the  thorax  the  negative  pressure 
of  that  cavity  during  inspiration  acts  as  a  strong  motive  factor. 
Variation  of  muscular  activity  is  the  most  imjwrtant  variable 
factor  in  the  lymphatic  circulation. 

E,  THE  CONTROL  OF  THE  ORGANS  OF  dRCULATION. 

1.  THE  INNERVATION  OF  THE  CIRCULATORY  SYSTEM. 

When  we  remember  that  the  general  flow  of  blood,  in  response 
to  arterial  pressure,  is  affected  directly  by  the  activity  of  the 
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heart  and  reciprocally  by  the  sectional  area  of  the  arterioles  and 
capillaries  it  is  clear  that  the  problem  of  determining  the  exact 
status  of  the  circulation  am  only  be  solved  by  knowing  the  value 

of    both   variable  factors, 
Fig.  119.  which  solution  is  not  facili- 

tated by  the  fact  that  l)oth 
the  heart-activity  and  the 
sectional  area  of  the  arte- 
rioles are  variously  affected 
by  different  local  and  gen- 
eral stimuli.  These  different 
stimuli  affect  the  circulatory 
organs  usually  through  the 
medium  of  the  nervous  sys- 
tem though  certain  stimuli 
may  act  directly  upon  the 
muscle  tissue  of  the  heart  or 
arteries. 


a.  The  Innervation  of  the 
Heart. 

1.  The  Heart  as  Influ- 
enced from  Within. — The 

heart  of  an  amphibian  or 
reptile  has  a  ganglion  in  the 
venous  sinus — Kemak's — one 
in  the  interaurieular  wall — 
the  ganglion  of  Ludwig  or  v. 
Bezold — and  a  pair  of  ganglia 
in  auriculo-ventricular  sei>- 
tum— Bidder's.  The  heart 
of  the  mammal  differs  from 
this  only  in  having  a  group 
of  several  ganglia  where  the 
frog  or  turtle  has  one  ;  but 
the  three  groups  of  ganglia 
in  the  nianimalian  heart  are 
lookcH^l  u\Hm  as  anatomically 
homologous  to  the  corre- 
spondingly located  single 
ganglia  of  the  amphibian 
heart,  and  as  physiologically 
('(juivalent  to  them.  (leneral 
laws  based  ujK)n  exj)eriments 
with    cold-blooded  animals 


Diagram  of  thi'  ihtv*»  siipplv  of  th«?  hoart.  Con- 
tiDuoiiN  UiU's  show  vagu«  origin  <if  cunliuc  plexus  ; 
diitte<l  liii(>!*  show  syniputhctii-  origin  of  that  |ilexu.s. 
I'C,  vagUH  ci'iitrr  in  lioorof  4th  v«-ut.;  SCS,  Car- 
diac branch  of  th«' sup.  irrv.  >ynin.;  Mf'S,  cardiac 
brauch  of  th<'  raid.  err.  »yiiip.';  i-VIl.  rami  cMim- 
muQic-antc.<«  from  spinal  ct'ird  to  egl.  of  svnip.  syM.; 
/^'.S,  inf.  cerv.  synip.  cd.  ])r.;  '7*.  raniiao  ple'xii.H. 
Shown  only  in  part,  in  th«*  V'lv..  ff,  ('<l,  I'l,  lJ4'!*idc 
arch  of  aorta.  ant.  cd.  pi.  under  arch  of  aorta. 

C-J),  coronary  plrxti>.<'s  art*  really  <liv.  of  tlie  jjen. 
rardiac  pl<'x'uii ;  Tf'\\  thoracic  canl.  )«r.  of  vagus  ; 
fr'/f,  ganglion  of  vagu^<  root;  7*.  ganglion  of  vagiiM 
tnink ;  .SVT,  «»up,  rardiac  br.  vagu- :  /''I',  inf. 
cardiac  br.  vaguf* ;  i:L,  nn-urrcnt  lary..  giving 
branch  to  cardiac  i>1«'xum  :  (H'P.  great  card.  pi.  of 
vagus  and  .sympatlictio  liln-r'*  ;  set;.  su|H?rlor  ci'r- 
vical  ggl,  synip..  Mcti,  nwd.  t-i.-rvical  g»jl.  nymp,; 

inf.  cervical  ggl.  f»ynip.;  .V^'.  ntclhite  gang. 
Hymimthctic ;  A\'*,  Annulu>  of  Vicu'*scnM  aruun»l 
subclavial  artery. 
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hold  good  for  mammals.  The  heart  of  a  frog  continues  to  beat 
some  time  after  removal  and  is  especially  adapted  for  certain 
experiments.  Stannim^s  experiment  consists  in  first  cutting 
off  from  the  auricles  and  ventricles,  through  ligature  or  in- 
cision, the  influence  of  Remak's  ganglion,  the  auricles  and 
ventricles  become  quiet :  Second,  dividing  by  ligature  or  in- 
cision, auricles  and  ventricle  at  their  junction — the  ventricle  be- 
gins to  beat,  the  auricles  remain  quiet.  The  experiment  was 
formerly  interpreted  thus :  The  heart  muscle  acts  under  the  in- 
fluence of  three  ganglia — or  groups  of  ganglia — Remak's  and 
Bidder's  ganglia  afford  positive  stimulation,  while  the  Ludwig 
ganglion  or  group  of  ganglia  retard  or  inhibit  the  heart  action. 
The  influence  through  Remakes  and  Bidder's  ganglia  exceed  the 
influence  of  the  Ludwig  ganglion  ;  therefore  when  all  are  intact, 
the  heart  beats.  When  the  influence  of  Remak's  ganglion  is  re- 
moved the  influence  of  the  Bidder's  ganglia  is  not  sufficient  to 
overcome  the  inhibition  of  the  Ludwig  ganglion ;  therefore,  the 
auricles  and  ventricles  stand  still.  When  the  inhibitory  influence 
of  the  Ludwig  ganglion  is  removed  the  ventricle  starts  into  activ- 
ity. This  ingenious  and  plausible  theory  has  been  shaken  by  the 
investigations  of  Gaskell  and  others.  They  have  found  that  when 
properly  stimulated  and  nourished,  small  pieces  of  the  ventricle, 
which  are  wliolly  free  from  ganglia,  will  continue  to  beat  rhythmic- 
ally for  a  considenible  period ;  further,  that  special  stimuli  are 
transmitted  through  muscle  tissue.    It  appears  from  this  that  the 

RHYTHMICAL  BKATING  OF  THE  HEART  HAS  ITS  IMMEDIATE  CAUSE 

IX  THE  PROTOPLASM  OF  THE  MUSCLE  CELLS.  The  beat  may  be 
nirifd  in  rdfr  and  force  by  xthiui/i  affectnuj  the  celh  from  without. 
Whether  any  part  of  this  extracellular  stimulus  orujinntes  in  the 
cardiac  ganj^lia  is  still  an  open  question.  These  ganglia  may  act 
inen'ly  like  storage  centers  or  distributing  centers  for  the  central 
nervous  system. 

From  the  Stannius  experiment  it  seems  that  the  cardiac  ganglia 
may  afflict  the  rate  and  force  of  the  heart-beat ;  but  we  must  not 
forget  that  in  this  experiment  a  profound  departure  from  any  pos- 
sible normal  condition  is  made  and  we  nmst  not  impose  too  much 
confidence  in  the  inductions  derived  from  the  effects.  From  the 
connections  of  the  cardiac  ganglia  with  the  cartliac  plexus  of 
nerves  we  should  exj>ect  their  function  to  be  for  the  most  part 
niediaie, 

2.  The  Regulation  of  the  Heart  by  the  Central  Nervous 
System. — If  tlie  cardiac  plexus  of  a  dog  bo  followed  upward  from 
the  mouth  of  the  ant^Tior  vena  cava  it  will  be  found  to  represent 
two  syninii'trically  located  sources,  one  to  the  right  and  one  to  the 
left.  If  we  follow  the  left  we  will  find  the  three  or  more  nerve 
trunks  converging  toward  the  inferior  cervical  sympathetic  gang- 


184 


CntCULATIOX, 


lion.  Here  there  are  connections  anteriorly  along  the  vago-sym- 
pathetic  trunk  toward  the  brain  and  laterally  via  the  Annulus  of 
Vieussens,  to  the  fir^t  thoracic  ganglion  of  the  sympathetic. 
Whether  these  connections  represent  afferent  or  efferent  ner\'e8  is 
impossible  to  determine  by  other  means  than  by  physiological 
experimentation.  Suppose  the  vago-sympathetic  trunk  to  be 
divided  high  up  in  the  neck  and  the  distal  end  stimulated  with  an 
induction  current,  the  result  will  be  a  slowing  or  stopping  of  the 
heart-beat ;  if  the  stimulation  be  made  lower  down  and  at  dif- 
ferent points  the  result  will  be  the  same  until  the  inferior  cervical 
ganglion  is  reached,  when  the  results  will  be  variable  and  am- 
biguoas.  If  the  Annulus  of  A^ieussens  be  divided  and  the  distal 
ends  stimulated  there  will  be  either  acceleration  of  the  rate  of  l^eat 
or  augmentation  of  the  tdrength  of  beat  of  the  heart.  If  the  Kami 
Communicantes  II  or  III  be  divided  and  stimulated  distally  there 
will  l>e  accelenition  or  augmentation  of  heart  activity.  From 
these  exi)eriments  we  may  conclude  that  the  vago-sympathetic 
trunk  (in  man  the  vagus)  contains  fil)ers  whose  stimulation  causes 
slowing  or  inhibition  of  the  heart-l)eat,  while  the  sympathetic 
c/>ntains  fibers  whose  stimulation  has  the  reverse  effect,  /.  tliat 
of  ACX'ELEUATioN  or  AUGMENTATION.  Through  further  experi- 
mentation the  inhibitory  fibers  may  be  traced  along  the  vagus 
through  the  jugular  foramen,  along  the  tnmk  of  the  spinal  acces- 
sory to  its  origin  in  the  flo<ir  of  the  fourth  ventricle  in  the  j)oste- 
rior  part  of  the  medulla  oblongata.  In  a  similar  way  the  accelera- 
tor filxjrs  may  be  traced  through  the  Rami  Communicantes,  along 
the  anterior  nerve  roots  into  the  spinal  cord,  and  up  to  the 
medulla  oblongata  where  its  exact  origin  has  not  been  determined. 
Ill  man  the  main  cardiac  branch  of  the  sympathetic  is  called  X. 
Acx^elerans  cordis,  and  is  not  ensheathed  with  the  vagu.s  in  any 
part  of  its  course. 

We  have  now  found  that  the  inherent  property  of  the  heart 
muscle  to  produce  an  uninterrupted  series  of  alternating  contrac- 
tions and  relaxations  is  governed  by  the  central  nervous  system 
in  a  way  analogous  to  the  way  in  which  a  horse  is  governed  by 
the  driver ;  th<*  inhibitory  vagus-Hliers  checking  the  sjK^ed  of  the 
heart-beat  and  the  ac(;eleratory  fibers  of  the  sympathetic  stimulat- 
ing the  heart  to  greater  sjK*ed,  or  greater  force,  as  the  case  re- 
quires. J^ut  what  causes  the  a'litnil  nervous  system  to  sen<l  these 
messages  of  inhil)ition  or  augnientiitioii  to  the  heart  ?  Here  wc 
must  recall  the  general  prineiph*  that,  all  mess(t(/r^  smt  out  from 
the  (wnfral  nrrrfnis  si/sfrm — all  effcTent  nerve  impulses — arc  ///  /v- 
MponWy  (I)  fo  affrmif  nrrrr  imifn/xrx^  l)ronght  to  the  central  nervous 
system  through  nerves  which  carry  impulses  only  from  t\\o  pcriph- 
era  to  the  center — the  sensory  nerves  ;  in)  to  direct  stimulation 
of  the  center.    As  an  example  of  (i)  the  sudden  withdrawal  of 
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the  hand  from  a  needle  point  is  accomplished  through  contraction 
of  muscles  in  the  arm  in  response  to  an  efferent  motor  message 
from  the  center  which  in  turn  is  stimulated  by  the  afferent  mes- 
sage of  pain  from  the  skin,  reaching  the  center  through  a  sensory 
nerve.  If  we  look  for  the  afferent  nerves — sensory  nerves — 
which  carry  messages  to  the  center  from  the  heart  or  some  part  of 
the  periphery  we  shall  find  them  represented  by  only  the  general 
sensory  nerves,  either  spinal  or  sympathetic,  and  these  affect  the 
heart-beat  only  indirectly,  after  a  too  complex  inter-central  inter- 
change to  be  accepted  as  a  simple  reflex.  We  must  look  for  another 
way  in  which  the  center  may  be  affected,  (ii)  The  centei'  may, 
however,  be  directly  Htivixdated,  Physiological  examples  of  the 
direct  stimulation  of  a  center  are  not  numerous  and  are  confined 
for  the  most  part  to  the  circulatory  and  respiratory  centers.  This 
direct  stimulation  of  respiratory  and  circulatory  centers  is  made 
possible  by  the  fact  that  the  activity  of  these  organs  is  directed 
toward  the  supply  of  the  system  with  blood  sufficient  in  quantity 
and  projKT  in  quality.  The  nerve  centers  in  the  medulla  being 
a  part  of  the  system  so  supplied,  are  at  once  affected  by  variations 
in  blood-pressure  or  in  the  quantity  of  COj  and  of  O  brought  by 
the  blood-supply. 

(r/)  Stimulatiox  of  the  Cardio-ixhibitory  Center, /o/- 
lowed  hi/  Hh)inng  of  the  heart-he(d,  (a)  Direct,— (l)  Sudden  anaemia 
of  the  medulla  oblongata,  as  would  be  produced  experimentally  by 
ligation  of  the  carotids  and  vertebral  arteries,  (ii)  Sudden  venous 
hypeneniia  in  the  medulla  oblongata,  as  would  be  produced  ex- 
perimentally by  li^ration  of  the  jugular  veins,  (in)  By  increase 
of  the  CO^„  as  would  occur  in  suspended  respiration,  thus  any  inter- 
ference with  a  ]>r()i>er  oxygenation  of  placental  blood  during  preg- 
nancy or  parturition  will  cause  a  slowing  of  the  fwtal  heart-beats, 
(iv)  Increased  lilo<>d-])ressure  in  the  cerebral  arteries. 

(I'i)  fudtrcrf. — Stn)ng  stimulation  of  any  sensory  nerve,  e,  (7., 
tappin<r  the  cxi)osed  intestines  of  a  frog  with  a  scalpel  handle  will 
cause  iuhihitiou  of  the  heart. 

(//)  Stimi  LATioN  OF  Cahdio-Acchleratok,  or  cardio-aug- 
nientor  centers,  followed  either  by  acceleration  of  rate,  or  augmen- 
tation of  force,  or  both. 

Stinuilation  may  be  direct  or  indirect,  but  uncertainty  about  the 
locatiou  of  the  center  confines  our  knowledge  to  that  gained  by  a 
stiinuhitiou  of  accelerator  fibers  which  always,  of  course,  causes 
acc(  leration  <»r  augmentation  of  heart  activity  with  associated  rise 
in  M(MKl-pn'ssure.  Indirect  stimulation  of  the  cardio-aeeelerator 
(M'uter  is  illustratcil  in  the  sipping  of  cold  water,  which  has  a 
stron;:  acceleratin*r  effect  upon  the  heart,  probably  through  stimu- 
lation of  the  canlio-accelerator  center,  through  afferent  fibers  of 
the  sympathetic  nervous  system. 
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3.  The  Mechanical  Stimulation  of  the  Heart. — (a)  Through 
increased  flow  of  blood  U)  the  heart  due  to  negative  intra-thoracic 
|>nf««ure.  Tliin  increase*  of  blcxxl  in  the  heart  ca\nties  j*eems  to 
stimulate  it  directly  without  the  inter\'ention  of  the  ner\'e-appa- 
ratUH. 

iji)  Thrrmgh  incniased  resistance  in  the  aorta ;  due  in  turn  to 
increaHcd  [leripheral  refiistance. 

6.  The  Innervation  of  the  Arteries. 

Though  the  arteriohts  and  small  arteries  may  change  their  caliber 
through  such  local  influences  as  changes  in  temperature,  their 
variatiouH  in  calilxjr  are,  for  the  most  part,  due  to  the  influence  of 
nerves  upon  the  circular  muscle-fibers.  The  nerves  which  control 
the  arterial  supply  of  the  muscles  are  called  VAW)-MO'n>K  nervbs. 
Experiment  has  pn>ven  tliat  there  are  two  kinds  of  nerves  sup- 
plying the  arteries,  as  there  are  two  kinds  of  nerves  supplying  the 
heart :  {i)  there  are  fibers  which  augment  the  tonicity  of  the  ves- 
sels by  causing  c^mtraction.  These  nerves  are  called  vamm  on- 
HTKKrroK  NKUVFX  ;  fii)  there  are  fibers  which  inhibit  the  stimulus 
given  tf>  the  muscles  by  the  vaso-constrictor  nerves,  these  are  called 
VAH(>-i>iLATOK  nerves.  To  get  a  clear  idea  of  the  action  of  vaso- 
constrictor and  vas^wlilator  nerves  it  is  necessary  to  take  a  con- 
crete erase.  The  HiihiiKisiUary  mllrary  f/latul  is  supplied  by  two 
nerves:  (i)  a  branch  of  the  sympathetic  which  accompanies  the 
artery  ;  fii)  the  clionla  tympani  nerve.  lioth  of  these  nerves  suj>- 
ply  fibers  to  the  arterioles  of  the  gland.  Under  the  influence  of 
the  sympathetic  tin?  arterioles  are  kept  usually  in  a  state  of  mod- 
erate contraction  called  tonus."  This  condition  of  tonus,  which 
is  the  usual  condition  of  all  the  small  arteries  and  arterioles  of  the 
bo<ly,  is  maintained  by  rapidly  repeated  moderate  stimuli  j)assing 
from  the  vaso-constrictor  center  in  the  medulla  oblongata  out  to 
the  arteries  in  all  parts  of  the  Ixxly.  If  these  stimuli  are  increasetl 
or  decreas(?d  the  tonus  Ix'comes  higher  or  lower  accordingly,  /. 
the  vessels  are  (constricted  by  the  contracting  circular  muscles,  or 
they  are  dilated  by  th<;  blood-pressure  after  relaxation  of  the  cir- 
cidar  musch's.  To  return  to  our  example — the  arterioles  of  the 
submaxillary  salivary  gland  are  governed  by  the  general  condi- 
tion of  the  vaso-constrictor  aj)paratus  ;  and,  according  as  the  gen- 
eral UmiiH  is  high  or  low,  the  loc^l  blood  supply  will  be  under 
higher  or  lower  j)r(»ssure,  but  not  necessarily  modified  in  quantity. 
If  an  esp(i(!ially  free  local  blood  supply  Ix?  necessary' — as  is  the 
case  when  the  gland  is  activ<'ly  secreting — some  locjil  inhibitory 
influence  must  l)e  brought  to  bear  u|m)h  the  vaso-constrictor  ncTves 
to  susjM'nd  their  action  and  to  allow  the  art<'rioles  to  dilate  widely 
under  the  influence  of  the  blood-pressure.    This  local  inhibitoiy 
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influence  is  furnished  by  the  chorda  tympani  nerve,  which  is  called 
a  vaso-dilator  and  has  upon  the  muscular  tissue  of  the  arteries  an 
influence  analogous  to  that  which  the  vagus  has  upon  the  muscle 
tissue  of  the  heart.  From  this  it  would  seem  that  the  primary 
function  of  the  vaso-constrictor  nerv^es  is  to  govern  general  blood- 
pressure  through  general  changes  in  the  tonus  of  the  small  arteries 
and  arterioles,  thus  increasing  or  decreasing  terminal  resistance. 

The  above  example  further  indicates  that  the  primary  function 
of  the  vaso-dilator  nerves  is  to  control  local  blood  supply  through 
suspending  the  action  of  vaso-constrictors,  thus  allowing  the  blood 
vessels  to  dilate.  This  is  in  general  the  relation  of  the  two  sys- 
tems of  vaso-motor  ner\'es. 

1.  The  Vaso-constrictor  System :  Tonus  of  Blood  Vessels. — 

The  vaso-constrictor  center  was  located  by  Ludwig  and  his 
pupils  in  the  floor  of  the  fourth  ventricle — in  the  medulla  oblon- 
gata. That  this  is  a  general  center  is  proven  by  this  experiment. 
Stimulation  causes  general  contraction  of  all  the  arteries ;  while 
paralysis  of  the  center,  as  by  over-stimulation,  causes  general  dil- 
atation. From  this  center  nerve  fibers  pass  down  the  lateral 
tracts  of  the  spinal  cord,  from  which  they  emerge  through  the  an- 
terior nerve  n>ots  and  pass  into  the  sympathetic  system  through 
the  v\\im  communicantes.  From  the  sympathetic  system  they 
supply  all  arteries  of  the  body  cavity  and  some  of  the  arteries  of 
neck  and  mouth  as  branches  of  that  system ;  while  the  arteries  of 
the  skeletal  muscles  and  skin  are  supplied  by  branches  which  have 
left  the  sympathetic  system  and  are  distributed  along  with 
branches  of  the  spinal  or  cranial  nerves.  Besides  this  general 
center  in  the  medulla  there  are  local  centers  in  the  gniy  matter  of 
the  spinal  cord ;  further,  some  of  the  ganglia  of  the  sympathetic 
system  may  act  as  l(»cal  centers.  The  action  of  the  local  centers 
may  cause  a  local  change  in  arterial  tonus. 

{n)  I)iuK(T  Stimi  lation  of  the  Vas()-C()Nstrktor  Cex- 
TKi{. — (i)  An  excess  of  VO^  in  the  blood  supplying  the  center 
acts  as  a  stimulus  and  causes  a  constriction  of  the  arteries  in  gen- 
eral, (ii)  Sudden  anaemia  of  the  medulla  as  the  effect  of  a  severe 
hemorrhage  or  of  ligation  of  the  arteries  bringing  the  local  supply, 
(ni)  Venous  hyperiemia  as  the  effect  of  the  ligation  of  the  jugu- 
hirs.  It  is  probably  the  excess  of  CX)^  which  is  active  in  this 
ease,    (iv)  Poisons,  r.  //.,  strychnia,  nicotine,  etc. 

{h)  Rkflkx  Stimtlation. — (i)  Through  prenmr^^  afferent 
nerve  libers  whose  stinnilation  may  cause  a  reflex  constriction  of 
the  arteries  jrenerally.  (ii)  Through  "  f/f'y>/r.wo/' "  afferent  nerve 
fibers.  These  are  not  widely  disseminated;  most  of  them  are  lo- 
cated in  the  (lej)ressor  nerve  (superior  e^inliac  in  man),  which 
passes  upward  IVoni  the  ventricular  walls,  through  the  vagus  to 
the  vaso-niotor  center.    The  ventricular  termini  of  this  nerve  are 
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stimulated  by  an  excessively  high  arterial  pressure.  The  return 
passage  is  not  sent  to  the  heart,  but  to  the  vaso-constrictors  of  the 
abdominal  cavity,  and  takes  the  form  of  an  inhibition,  in  conse- 
quence of  which  the  arteries  of  the  abdomen  relax,  the  blood-pres- 
sure falls  and  the  heart  is  relieved  of  its  excessive  work. 

2.  The  Vaso-Dilator  System. — That  there  is  a  system  of 
nerves  emanating  from  a  special  center,  whose  function  is  to  sus- 
pend or  inhibit  locally  the  general  action  of  the  vaso-constrictor 
system  is  abundantly  proven  by  such  physiological  exj)eriments  as 
that  upon  the  submaxillary  gland.  It  has  been  further  proven 
that  the  center  is  in  the  medulla — or  at  least  above  the  spinal 
cord — ^but  ib<  exact  location  has  not  been  determined.  The  dis- 
tribution of  the  vaso-ililator  fibers  is  in  a  general  way  parallel  to 
that  of  the  vaso-constrictor  fibers ;  they  may  supply  a  particular 
locality  in  the  same  trunk  with  vaso-constrictor,  motor  and  sen- 
sory fibers,  or  they  may  form  a  separate  nerve,  as  is  the  case  in 
the  chorda  tympani.  All  vaso-motor  fibers  are  efferent ;  the 
afferent  members  of  the  reflex  circuit  is  represented  in  part  by  the 
blood  supply  of  the  center  in  the  case  of  the  vaso-constrictor 
center.  This  condition  is  possible  in  tliat  case  l)ecause  the  influ- 
ence of  the  vaso-constrictor  system  is  for  the  most  part  general ; 
but  the  local  action  of  the  vaso-dilator  system  makes  direct  stim- 
ulation of  the  vas()-<lilator  center  practically  impossible.  As  no 
afferent  vaso-dilator  fibers  have  l)een  found,  it  is  probable  that  the 
afferent  memlwr  of  the  circuit  is  represented  by  the  sensory  nerve 
coming  from  any  given  locality. 

2.  ADAPTATIVE  COORDINATION  OF  THE  ACTIVITIES 
OF  THE  CIBCULATOBT  OBQANS. 

In  our  study  of  motion  in  general  physiology  we  found  that  a 
successful  adaptative  motion  must.be  co<*>rdinat(»d  in  time  or  in 
space  and  time  and  controlled  in  force.  In  the  same  way  the  activ- 
ities of  the  circuhitory  organs,  deiwnding  as  they  do,  upon  muscle 
contractions,  must  be  pcrfcrfhi  roordlnafcd  in  fimc  and  controlled 
in  force.  This  is  accomplished,  as  we  have  seen,  through  the 
central  nervous  system  ;  its  coordinating  messages  are  sent  to  the 
heart  and  arteries  through  augmentor  and  inhibitory  cardiac  and 
vaso-motor  fibers.  Through  the  agency  of  this  most  complicated 
nerve  apparatus  the  following  general  ada[)tative  adjustments  are 
accomplished  : 

I.  Regulation  of  temperature. 
II.  Regulation  of  secretion  and  excretion. 

III.  Regulation  of  supply  of  food  and  oxygen  to  working  f>rgans. 

IV.  Reguhition  of  general  blood -pressure. 

v.  Regulation  of  local  blood  flow  :  To  secreting  glands  ;  to 
working  organs;  in  blushing;  in  pallor,  etc.  Most  of  these  will 
be  discussed  under  diflerent  headings. 
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RESPIRATION. 
INTRODnCTION. 

BESPIBATION  DEFINED  AND  CLASSIFIED. 

From  our  studies  in  general  physiology  we  know  that  that 
peculiar  form  of  energy  which  we  call  life  exists  only  in  associa- 
tion with  living  cells  or  with  living  organisms,  that  it  is  liberated 
only  through  a  katabolism  or  destructive  metabolism  of  living 
cell  protoplasm  and  that  this  katabolism  is  possible  in  the  pres- 
ence of  oxygen.  The  frequent  use  of  such  expressions  as  The 
spark  of  iife,^^  **  The  fame  hf  life,^^  etc.,  indicates  the  analogy 
between  the  liberation  of  life  energy  and  the  liberation  of  the 
heat  and  light -energy  of  fuel.  It  was  once  thought  that  these 
two  processes  were  (juite  alike — each  being  a  combustion  or  direct 
oxidation.  The  oxygen  of  the  atmosphere  unites  directly  with 
the  carbon  and  hydrogen  of  the  candle,  of  wood,  of  coal,  or  of 
illuminating  gas  to  form  CO.,  and  H^O — the  process  being  attended 
with  the  liberation  of  energy  ;  now  the  oxygen  of  the  atmosphere 
forms  combinations  in  the  tissues  and  the  combinations  finally  re- 
sult in  the  formation  of  CO^^,  H^O  and  COXgH^ — the  procx^ss  be- 
ing attended  with  the  liberation  of  life  energy.  These  two  proc- 
esses which  sccni  so  much  alike  are  essentially  different  in  a  very 
important  point.  In  the  combustion  of  the  hydrocarbons  of  the 
t  andle  the  atlinity  of  oxygen  for  the  carbon  and  hydrogen  is  so 
great  that,  if  once  started  the  combustion  proceeds  by  the  invasion 
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of  the  molecules  by  the  oxygen,  which  breaks  the  bond  between 
carbon  and  hydrogen  and  joins  with  each. 

In  the  katabolism  of  the  living  protoplasm  of  the  cell,  the  ex- 
ceedingly complex  protoplasmic  molecule  separates  into  two,  per- 
haps more,  simpler  molecules ;  these  simple  molecules,  which 
probably  represent  proteids,  may  again  separate  into  still  simpler 
ones.  Each  change  from  a  complex  to  a  more  simple  compound 
leads  (i)  to  a  liberation  of  energy,  which  may  manifest  itself  in 
any  of  the  activities  of  life,  and  (ii)  to  a  combination  of  simpler 
molecules  with  oxygen  furnished  by  the  cell  sap  or  cell  plasma. 
In  the  latter  case,  then,  the  oxygen  steps  in  to  complete  a  mole- 
cule already  nascent,  while  in  the  former  case  it  is  the  came  of 
dissolution.  To  sum  up  the  comparison :  Oxygen  w  the  came 
of  combuMion  but  the  complement  of  kataholism.  This  general  proc- 
ess of  supplying  the  cells  of  a  living  organism  wnth  the  requisite 
oxygen  is  called  Rei^pimtwn, 

1.  Definition. — Respiration  is  a  general  term  which  includes 
all  of  those  activities  involved  in  the  furnishing  of  oxygen  to  the 
tissues  of  a  living  organism. 

2.  Classification. — The  essential  act  of  respiration  is  the  taking 
up  of  oxygen  by  the  living  cell  from  the  tissue  plasma.  In  the 
large  animals  a  more  or  less  complex  series  of  preliminary  acts 
are  necessary  in  order  to  furnish  the  tissue  plasma  with  oxygen, 
and  of  this  series  of  acts  the  interchange  of  gases  between  the 
blood  and  the  medium  surrounding  the  animal  is  the  most 
prominent.  This  has  led  to  the  following  classification  :  (r)  In- 
ternal respiration  or  cell  respiration,  (ii)  External  respiration  or 
somatic  respiration. 

A.  COMPARATIVE  PHYSIOLOGY  OF  RESPIRATION. 

1.  RESPIRATION  BY  INDIVIDUALS  OF  THE  I,  II,  AND  IH 

ORDER. 

It  has  just  been  stated  that  the  oxygen  required  in  the  cell  at 
the  moment  of  kata holism  is  furnished  by  the  cell  sap  or  cell 
plasma  in  which  it  is  held  in  simple  solution.  If  the  cell  is  an 
independent  orji^anisin,  c,  //.,  an  ani(i»ba,  the  oxygen  of  the  cell 
plasma  is  immediately  replenished  from  the  water  which  surrounds 
the  amceba.  This  is  respiration  in  its  simplest  form.  If  the  or- 
ganism be  an  individual  of  the  ii  or  iii  order  the  process  is  es- 
sentially the  same. 

2.  RESPIRATION  IN  INDIVIDUALS  OF  THE  IV  ORDER. 

1.  Cutaneous  Respiration. — The  common  earthworm  orano:lo- 
worm  has  well  developed  digestive,  circulatory,  nervoUvS,  repro- 
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(luctive  and  motor  systems,  bat  has  no  definite  respiratory  system. 
It  has  been  found  that  the  rich  cutaneous  capillarj'  plexuses  fur- 
nish to  the  blood  an  ample  supply  of  oxygen  which  finds  its  way 
easily  through  the  delicate  cuticle,  attracted  by  the  low  oxygen- 
pressure  in  the  cutaneous  capillaries.  In  the  amphibia  the  moist 
skin  facilitates  the  diffusion  of  oxygen  and  in  this  class  of  verte- 
brates cutaneous  respiration  is  important  though  always  secondary 
to  respiration  by  gills  or  limgs.  A  frog  can  live  some  time  after 
the  lungs  have  been  removed. 

2.  Respiration  by  Gills. — Many  invertebrates,  e,  g.,  mollusca 
and  aquatic  arthropoda  and  all  lower  vertebrates,  including  tuni- 
cates,  Enteropneusta,  Amphioxus  and  all  fishes  breathe  by  means 
of  gills.  A  gill  is  an  organ  presenting  numerous  filamentous 
branches  whose  delicate  covering  membrane  affords  slight  resist- 
ance to  the  diffusion  of  oxygen  into  the  blood  from  the  water 
with  which  the  gill  is  bathed. 

Respiration  by  Lungs. — Most  amphibians  and  all  reptiles,  . 
birds  and  mammals  breathe  atmospheric  air  into  sac-like  organs 
called  lungs.  The  environment  and  habits  of  these  animals 
necessitate  the  protection  of  the  lungs  within  the  body  cavity. 
Here  the  blood  in  the  capillaries  is  distributed  over  the  surface  of 
the  minute  air-cells  and  the  air,  which  has  been  warmed  and 
freed  from  dust  in  its  ])assage  through  the  air  channels,  exchanges 
its  oxygen  easily  through  the  thin,  moist  membrane  of  the  air  sac 
for  the  excess  of  CO2  in  the  blood. 

B.  ANATOMICAL  mTRODUCTION. 

The  Mrfdi  fcafiireH  particularly  important  in  considering  the 
physiology  of  respiration  are  summarized  below  under  physiology 
of  respiration  because  it  contains  matter  not  introduced  into  the 
anatomies,  and  intimately  and  indissolubly  associated  with  the 
physiology  of  the  mechanics  of  respiration. 

For  the  same  reasons  the  nnixclcs  of  rcsplntfion  are  enumerated 
and  classified  under  mechanics  of  respirati(m. 

The  following  additional  facts  of  gross  anatomy  should  be  noted  : 

((f)  TiiK  Nasal  Kiospihatouy  PASSA(ih>;  are  tortuous,  irregular 
in  lumen,  lined  with  a  mucous  membrane  always  well  moistened 
with  mucus,  and  provided,  near  the  external  opening,  with  nu- 
memus  rather  stiff  hairs.  The  effect  of  this  structure  is  to  warm 
and  free  of  dust  the  inspired  air. 

(h)  TiiK  l\Ksi»iKAT()RY  Tract  Crossks  the  alimcutarj'  tract 
in  the  pharynx,  a  cavity  connnon  to  l)Oth  tracts.  The  respinitory 
passage  is  protected  during  the  act  of  swallowing  :  (i)  j>osteriorly 
l)y  the  epiglottis  and  the  addueticm  of  the  vocal  cords  (for  details 
see  deglutition)  ;  (ii)  anteriorly  by  the  elevation  of  the  soft  palate, 
and  the  elevation  of  the  uvula.    (See  deglutition.) 
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The  Trachea  axd  Broxchi  are  Strengthexeb  and 
heltl  open  by  heavy  ving^  of  oartihijtre*  Thus  protected  the  air 
pti!§^?iiges  remain  open  even  when  subjected  to  considerable 
prefigure* 

{tfj  TiiK  Trachea  and  BRoxrHi  ark  Lixet*  with  a  ciliated 
coloiiHiar  cpithelimn,  which  is  kept  moistened  wit  fx  mucus  secreted 
by  the  mucous^  gland:*  of  the  subnmcnsa  as  well  as  by  goblet  cells. 
The  ciliary  motion  carries  all  se(^rctions  as  well  as  particles  of 
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dust  which  (>!1S8  the  barriei-s  lu  tlie  nasal  passngcs,  upwai*d  townrd 
the  hirvnx  t*roui  the  ileeper  pa^^sages  of  the  bings.  (See  Figs. 
120  and  12L) 

{(')  The  TuArHEA  BranciiR'^  Into  two  large  bronchi,  of  w-hieh 
the  left  subdivides  into  two  and  the  right  into  three  subdivisions* 
The  five  bninelics  subdivide  dichotomously,  until  eveiT  lobule  of 
the  luug  iH  supplied  with  a  fine  terminal  bronchus  which  ends  in 
dtlicate  saccate  air  spaces  or  alveoli-  The  part  of  the  puhnonary 
jiarenchyma  in  eomraunication  with  a  single  terminal  bronchiole 
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fiiniis  a  pyramidal  mas^,  whose  apex  corresponds  to  the  term!  mil 
bronchus  and  whose  base^  %vlxen  reaching  the  frc»e  surface  of  the 
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lung,  api)<?afs  as  one  of  the  [lolyi^pimal  areae  mtirkitig  the  cxferior 

of  th*i  Xxin^r  (I*it*rsol.) 
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•  This  pyramidal  mass  is  called  a  lobule.    Within  the  lobule  the 

terminal  hronehm  f<uh(Uci(les  into  two  or  three  alveohir  duct^,  beset 
with  air-sacs,  and  the  alreolar  without  subdivision,  open 

into  or  widen  out  into,  *  *  hlind ' '  irrec/ular,  or  pyramidal  spaces  the 
infundihula.  The  infundibulum  is  beset  on  all  sides  with  air-sacs 
which  open  into  the  infundibulum  but  do  not  communicate  with 
each  other. 

(/)  The  Impure  Blood,  brought  from  the  right  heart  by  the 
pulmonary  artery y  is  distributed  to  the  lung  tissue  through  branches 
which  follow  the  subdivisions  of  the  bronchi  finally  reaching  the 
lobule  as  an  arteriole  which  subdivides  into  a  network  of  fine 
capillaries  lying  in  the  walls  of  the  alveoli  or  air-sacs.  The  ve- 
nous blood  is  thus  brought  into  intimate  relation  with  the  atmos- 
pheric air  which  enters  the  alveoli.  Fig.  122  shows  the  capillary 
network  which  surrounds  the  alveoli. 

D.  PHYSICAL  INTRODUOTION. 

THE  SOLUTION  OF  GASES  IN  LIQUIDS. 

If  one  were  to  place  a  liter  of  hydrant  water  under  the  receiver 
of  an  air  pump,  he  would  find  that  the  water  subjected  to  a 
vacuum  would  give  off  gjis  vigorously  ;  the  quantity  depending 
upon  the  conditions  which  had  existed  before  the  experiment.  An 
analysis  of  this  gas  would  show  it  to  be  nitrogen,  oxygen,  and 
carbon  dioxide,  or  the  same  gases  to  which  the  water  had  been 
exix)sed  in  its  contact  with  the  air.  If  we  expose  HgO  to  an 
atmosphere  of  HCl  gas  it  will  rapidly  absorb  large  qtiantitics, 
forming  the  common  hydrochloric  acid.  So  it  becomes  evident 
that  water  may  hold  considerable  quantities  of  gases  in  solution. 
Just  how  much  gas  any  liquid  will  absorb  depends  upon  the  nature 
of  the  gJis  and  the  nature  of  the  liquid ;  but  the  amount  of  any 
particular  gas  which  a  particular  liquid  will  absorb  varies  with 
the  pressure  of  the  gas  in  the  atmosphere  to  which  the  li(iuid  is 
subjected.  For  example,  if  the  amount  of  oxyjrcn  in  the  air 
were  doubled,  water  would  absorb  twice  as  much  ;  but  if  it  were 
reduced  to  one-half  or  one-third  of  its  present  proportion,  water 
would  absorb  pro|K)rtionately  less.  Any  change  in  the  proportion 
in  the  air  is  (juiokly  responded  to  by  a  readjustment  of  the  pro- 
portion in  the  water  through  simple  diffusion,  to  again  reach  an 
equilibrium. 

The  following  laws  have  l)een  formulated  by  McGregor  Robert- 
son (Physiological  Physics,  p.  291): 

TiiK  (tasks  Most  Rkai>ilv  I^u^rKFiEi)  ake  Thosk 
Wiiicn  AUK  Absokued  in  the  Gueatest  Amoi'nt.  CO.,, 
NHy,  and  HCl  are  at  once  most  easily  li(juelied  and  absorbed. 
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Oxygen,  nitrogen,  and  hydrogen  are  liquefied  with  difficulty  and 
are  feebly  absorbed. 

(6)  Different  Liquids  Absorb  Different  Quantities  of 
THE  Same  Gas.  The  coefficiaU  of  abmrption  (a)  or  the  solubility 
of  a  gas  is  the  volume  of  gas  absorbed  by  a  unit  volume  of  tlie 
liquid  at  0°C.  and  760  mm.  Note  that  (a)  is  determined  for  cow- 
miarU  temperature  and  premire. 

^     O        0.0489   0.05  ^   CO,  1.7967 

^    h;o = -\jomo  T.Ob  ^-^^  ^  ^   TO  "  roooo 


-^^  =  18;aforjj-^=^-^^  0.0235. 

(e)  The  Amount  of  Gas  Absorbed  by  the  Same  Liquid 
ARIES  WITH  THE  TEMPERATURE. — ^The  higher  the  temperature 
the  smaller  the  amount  of  gas  which  may  be  held  in  solution,  and 
conversely.  Heating  a  liquid  drives  off  much  of  the  dissolved 
gas.  One  volume  of  H^O,  at  15°  C.  and  760  mm.  pressure,  ab- 
sorbs of  oxygen,  0.03415 ;  of  carbon  dioxide,  1.002  ;  of  nitrogen, 
0.01682  volumes. 

(if)  The  Amount  of  Gas  Absorbed  by  the  Same  Liquid 
Varies  with  the  Pressure. — ^The  higher  the  pressure  of  the 
gas  above  the  liquid  the  greater  the  amount  which  will  be  dis- 
solved by  the  liquid.  If  the  pressure  be  relieved,  as  in  the  open- 
ing of  a  bottle  of  "  soda-water,"  the  gas  (COj)  escapes  rapidly  with 

eflTeri'escence.    One  volume  of  H^O  at  0°C.  and  '^^^  J"^""'  pres- 

sure  will  absorb  of  oxygen --^^-^  =  0.0245. 

(r)  TiiK  Abhori-tive  Power  op  a  Liquid  for  a  Particit- 
lar  Gas  is  Lvdepexdext  of  Other  Gases  Which  it  May 
Already  Hold  in  Solition. — Thus  a  liquid  in  contact  with  a 
mixture  of  ^ses  absorbs  a  quantity  of  each  gas,  just  as  if  it  were 
the  only  one  present,  the  amount  being  determined  by  the  coeffi- 
cient of  absorption,  and  the  pressure  of  the  gas  in  the  mixture,  or 
the  Partial  PuF^sruK. 

(/)  Each  (}as  Formixcj  a  Part  of  a  Mechanical  Mix- 
Ti'RE  Exerts  a  Partial  Pressure  Proi»ortioxal  to  its 
Part  of  tiik  Mix  rrRK. — Taking  the  proportions  of  the  gases 
in  the  atmosphere,  one  concludes  that  as  oxygen  represents  20.965^ 
(say  21^')  of  the  niedianiciil  mixture,  its  partial  pressure  would  be 
21'/.  of  the  whole  pressure,  /.  f'.,  215^  of  760  mm.  mercury  or  at- 
niosj)herie  pressure.  Partial  pressure  for  oxygen  in  pure  air  is 
.21  X  700  =  loS  nini.  mercury.  Partial  pressure  for  CO^  in  pure 
air  is  .0004  x  7<)0  =  0.;J  mm.  mercury.    It  is  estimated  that  in 
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the  alveoli  of  the  lunga  the  partial  pressure  for  oxygen  is  122 
mm.;  and  for  CO^,  mm. 

We  may  now  make  the  following  application  of  the  foregoing 
principles:  The  nhMorption  of  oxygen  by  water  (or  blood  plasma) 
at  O^C  and  700  mm.  liarometer  pressure,  with  a  partial  pressure 

20.96 

equal  to  20.90^^  of  an  atm^^sphere  equals :  a'  =  0.0489  x  "|Y)0~ 

=  0.01,  /.  HK)  volumes  of  water  or  plasma  would  absorb  under 
the  «>nditions  named  about  one  volume  of  oxygen. 

The  ahttorption  of  oxygen  at  .^T.O^C.  and  partial  pressure  =  20. 9 G 

20.96 

per  cent,  of  760  mm.      =  0.026  x   ^^^^  =  0.0004  +,  /.  r.,  100 

ViJumes  of  water  or  plasma  would  absorb  under  the  conditions 
named  about  one-half  volume  per  cent,  of  oxygen. 

The  absorption  of  oxygen  at  .*)7.5°C.  and  partial  pressure  of  the 

alveoli  or  16  percent,  of  760  mm. =  0.026 x  ^^^^  =  0.004  +, 

/.      blofxl  plasma  at  body  temperature  would  absorb  from  the 
alverjli  of  the  lungs  4  c.  c.  oxygen  for  every  liter  of  plasma.  If 
absorption  of  oxygen  wore  to  depend  solely  upon  its  physical  rela- 
tion to  plasma  this  would  lx»  practically  the  limit  of  absorption. 
The  absorption  of  COj  at  37.o°C.*  the  partial  pressure  of  CO^ 

in  the  alvw>li  In-ing     jx.T  cent,  of  760  mm.  a'"  ==  0.569  x 

=  0.02S  -h,  /.  r.,  if  in  the  alveoli  of  the  lungs  the  atmosphere  con- 
tains T)  per  (H»nt.  of  TO^,  lOJ)  volumes  of  plasma  would  absorb  2.8 
v(»lumf's  of  COjj ;  or,  in  other  words,  CO^,  can,  according  to  this 
course  of  reasoning,  l»e  diffused  from  the  l)lood  into  the  air  j)as- 
sages  only  when  the  amount  in  the  j)lasnia  exceeds  2.H  c.  c.  per  100 
c.  c.  |)hism{i.  Furthermore,  that  this  ])roportion  would  represent 
approximately  the  |»roportion  of*  C(|,  in  arterial  1)1o(k1,  as  far  as 
it  could  exist  under  physical  laws. 

•  n       II     "t  .'i7.">°r.  ami  7<>0  mm.  —  (>.">«)•.>  volunies  per  cent. 
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THE  PHYSIOLOGY  OF  RESPIRATION. 

A,   THE  MECHANICAL  AND  PHYSICAL  FEATURES  OF  RESPIRATION. 

1.  STRUCTURAL  FEATURF^. 

a.  Changes  of  Thoracic  Diameters. 

b.  Muscles  of  Respiration. 

2.  OBSERVATION    OF    CHANGES    IN    THE    DIAMETERS    OF  THE 
THORAX. 

3.  PHYSICAL    EFFECTS   OF   THE    CHANGES   OF   THE  THORACIC 
DIAMETERS. 

a.  Intra-Thoracic  Presstre. 

b.  Respiratory  Pressure. 

c.  Intra-abdominal  Pressure. 
rf.  Lung  Capacity. 

r.  Types  of  Respiration. 

/.  Modifications  of  the  Respiratory  Act. 

B.  THE  CHEMISTRY  OF  RESPIRATION. 

1.  EXTERNAL  RESPIRATION.  . 

a.  Respiratory  Changes  in  the  Air  Breathed. 

( 1 )  Composition  of  the  Normal  Atmotpkert, 

(2)  Qualit<itire  Changes  Produced  by  Respiration. 

(3)  Quantitative  Changes  of  the  Air  in  Respiration. 

b.  Respiratory  Changes  in  the  Blood. 

( 1 )  The  Gases  of  the  Blood. 

(2)  The  Relation  of  Oxygen  in  the  Blood. 

(3)  The  Relation  of  Carbon  Dioxide  in  the  Blood. 

(4)  The  Influence  of  Blood-Gases  upon  the  Spectrum. 

2.  INTERNAL  OR  TISSUE  RESPIRATION. 

A.  THE  MEOHANIOAL  AND  PHYSICAL  FEATURES  OF 
RESPIRATION. 

1.  THE  8TBU0TXJRAL  FRiLTXTBES. 

If  the  constituents  of  the  atmosphere  were  compelled  to  make 
their  way  through  the  respiratory  passages  by  simple  diffusion  the 
amount  of  oxygen  received  into  the  blood  would  at  best  permit  a 
most  sluggish  katabolism.  It  may  have  been  observed  that  the 
frog  uses  the  floor  of  the  mouth  as  a  sort  of  bellows  to  pump  air 
into  the  lungs,  while  an  occasional  spasmodic  contraction  of  the 
body  wall  funics  the  air  out.  In  birds  the  elastic  bony  thorax  is 
(K)niprcssfd  by  muscles  of  the  body  walls ;  this  action  forces  the 
air  out  of  the  lungs.  Relaxation  of  the  ab<lominal  muscles  allows 
the  thorax  to  rcgiiin  its  original  volume  and  air  rushes  in  to  fill 
the  lungs.  In  nianmials  the  condition  is  quite  opposite.  The 
inspinition  reproscMiting  the  muscle-contraction  and  the  expiration 
representing  relaxation. 
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Tho  anatomiciil  characters  of  the  mammalian  thoracic  skeleton, 
which  are  of  especial  importance  physiologically,  are :  (i)  The 
greater  mobility  of  the  i)osterior  than  the  anterior  part  of  the  thor- 
acic skeleton,  (ii)  The  posterior  slant  of  the  ribs,  (iii)  The 
double  vertebral  attachment  of  the  ribs,  making  an  axis  of  rota- 
tion which  does  not  coincide  with  the  axis  determined  by  the 
simple  raising  and  lowering  of  the  ends  of  the  ribs,  (iv)  The  no- 
ticeable angle  which  the  fourth,  fifth  and  sixth  ribs  make  with 
their  cartilages,  (v)  More  important  than  any  skeletal  character 
is  the  fact  that  the  thoracic  cavity  is  separated  from  the  abdom- 
inal cavity  by  a  muscular  partition  which  is  very  convex  upward 
or  anteriorly.  When  the  radial  muscle  fibers  of  this  diaphragm 
contract  the  arch  is  flattened,  the  contents  of  the  abdomen  pressed 
farther  downward,  the  capacity  of  the  thorax  suddenly  increased ; 
but  any  increase  in  the  capacity  of  the  thorax  must  lead  to  a  rare- 
faction of  the  air,  or  to  negative  pressure.  This  tendency  to  the 
production  of  negative  pressure  is  speedily  satisfied  by  the  influx 
of  air  through  the  respiratory  passages  filling  the  lungs,  which  in 
turn  fill  the  increased  space  of  the  thorax.  Through  the  action  of 
the  diaphragm,  then,  the  antero-posterior  dimension  of  the  thorax 
is  incrciised. 

a.  The  Changes  of  the  Thoracic  Diameters. 

(a)  The  Axtkho-posterior  Dimension  is  actively  in- 
creased by  the  contraction  of  the  diaphragm  and  passively  de- 
creased l)v  the  relaxation  of  the  diaphragm.  It  may  be  actively 
decreased  by  a  contraction  of  the  abdominal  muscles,  which  forces 
the  contents  of  the  abdcmien  up  against  the  dia])hragm,  distending 
its  arch,  thus  further  encroaching  ujx)n  the  thoracic  cavity  and 
forcing  air  out  of  the  lungs. 

(6)  The  Dokso-A'ENTRAt.  Dimension  is  increased  by  the  con- 
traction of  the  external  intercostal  muscles.  The  mechanism  of 
the  movement  is  as  follows  :  (i)  Ribs  more  and  more  mobile  from 
before  backwards;  (ir)  Ribs  slant  posteriorly  ;  (iii)  External  in- 
tercostals  having  their  origin  on  the  posterior  margin  of  a  ril), 
pass  ventrally  and  posteriorly  to  be  inserted  upon  tlie  anterior 
margin  of  the  next  succ(»eding  rib.  With  all  of  these  peculiarities 
of  structure  a  contraction  of  the  external  intercostals  must  result  in 
an  elevation  (»f  the  ends  of  the  ril)s  and  a  carrying  of  the  stcn-iiuni 
further  away  from  the  vertel)nd  column.  Still  another  factor  in 
this  is  the  opening  of  the  angle  between  4th,  oth  and  Gtli  costal 
cartilages  and  their  ribs.  The  dorso-ventral  dimension  is  de- 
creased by  the  elasticity  of  the  thorax  which  causes  it  to  return  to 
its  former  size  on  relaxation  of  the  external  intercostals. 

(r)  The  J^ATEr.AL  Dimension. — By  virtue  of  the  double  ver- 
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tebral  attachment  of  the  ribs,  mentioned  above^  the  action  of  the 
external  intercostals  is  not  only  to  cany  the  end  of  a  rib  farther 
from  the  vertebral  column  as  its  general  line  approaches  a  posi- 
tion perpendicular  to  the  spine  but  also  to  carry  tlie  middle  of  the 
rib  farther  from  the  median  line  of  the  thorax  as  the  plane,  which 
its  curve  determines^  approaches  the  perpendicular  to  that  line. 
It  might  at  first  be  supposed  that  a  contraction  of  the  diaphragm 
would  pull  in  the  walls  of  the  thorax^  thus  decreasing  the  lateral 
dimensions ;  but  Brucke  showed  conclusively  that  though  it  un- 
doubtedly exerts  a  strong  tension  on  the  thoracic  wall  tibe  high- 
domed  mass  of  abdominal  viscera,  upon  which  the  force  of  the 
diaphragm  is  directly  exerted,  is  pre&«ted  downward  and  outward 
against  the  upper  abdominal  walls  and  so  neutralizes  the  tendency 
in  the  opposite  direction. 

h.  The  Mucles  of  Respiration. 

1.  Muscles  of  Quiet  Eespiration. — (a)  Inspiration. — (i) 
The  diaphragm ;  (n)  the  M.  levatores  costarum  longus  et  brevis ; 
(III)  Mm.  intercostales  extemi  et  intercartilaginei. 

(6)  Expiration. — Ordinary  quiet  expiration  is  non-muscular^ 
depending  upon  the  weight  and  elasticity  of  the  tissues.  Inspira- 
tion throws  the  tissues  out  of  the  position  of  rest  and  they  fdl  or 
sink  back  to  that  position  during  expiration. 

2.  Muscles  of  Forced  Eespiration.^ — {a)  Inspiration. — (a) 
Upper  ribs  raised  by  :  (i)  The  three  M.  scaleni ;  (ii)  M.  serratus 
post,  superioris ;  (ill)  M.  cervicalis  ascendens.  (/9)  Sternum  is 
raised  by  :  (iv)  Musculus  stemo-cleido-mastoideus ;  (v)  M.  stemo- 
hyoideus;  (vi)  M.  stemo-thyroideus ;  (vii)  M.  thyro-hyoideus. 
ix)  The  hyoid  bone  is  raised  by :  (viii)  M.  mylo-hyoideus ;  (ix) 
M.  stylo-hyoideus ;  (x)  M.  genio-hyoideus ;  (xi)  M.  digastricus. 
(o)  The  shoulder  girdle  is  raised  and  drawn  backward  by :  (xii) 
M.  trajxizius  ;  (xrri)  Mm.  rhomboidei,  major  et  minor ;  (xiv)  M. 
levatores  anguli  scapuli.  (s)  Lower  ribs  drawn  toward  the  raised 
and  fixed  upper  riL«  by  :  (xv)  Pectoralis  major  et  minor ;  (xvi) 
subolavius  ;  (xvii)  serratus  magnus. 

(A)  Expiration. — (a)  Abdominal  contents  compressed  and 
forced  against  diaphragm  by :  (i)  M.  obliquus  extemus ;  (il)  M. 
obli([UU8  internus ;  (iii)  M.  transversus  abdominis ;  (iv)  M.  rectus 
alKloniinis  ;  (v)  ^I.  levator  ani.  (;5)  Ribs  are  depr^sed  by  :  (vi) 
M.  rectus  alxloniinis ;  (vii)  M.  quadratus  lumborum ;  (viii)  M. 
serratus  posticus  inferior ;  (ix)  M.  triangularis  stemi. 

2.  OBSERVATION  OF  OHANGES  IN  THE  DIAMETER  OF  THE 

THORAX. 

The  ohsrrntfious  of  the  (JorHo-veniral  and  the  lateral  diamdvr  are 
us  ually  taken  in  the  plane  of  the  nipples  or  in  the  plane  of  the 
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junction  of  the  ninth  rib  with  its  costal  cartilage.  These  thoracic 
planes  must  be  taken  perpendicular  to  the  axis  of  the  thorax. 


Fio.  123. 


Fio.  124. 


StethofH^ph  tamb«iur. 


The  stethograph. 

1.  The  Calipers. — This  instrument  is  a  most  reliable  appa- 
ratus for  determining  the  diameter.  As  usually  constructed,  a 
graduated  arc  near  the  hinge  of  the  instrument 
enables  one  to  read  off  at  once  the  number  oi 
centimeters  between  the  points  of  the  two  limbs 
of  the  instniment.  One  may  measure  the  dorso- 
ventral  or  the  lateral  diameter  of  the  thorax 

twhen  the  thorax  is  in  repose,  or  at  the  end  of 
forced  inspiration  or  of  forced  expiration. 
Such  observations  give  not  only  the  actual  di- 
ameters, but  the  amount  of  expansion  of  the 
chest  during  the  respiratory  movements. 

2.  The  Stethograph. — The  accompanying 
figures  ( Figs.  123  and  124)  show  a  convenient 
form  of  this  instnmient.  As 
the  name  suggests,  the  pur- 
pose  of  this  instrument  is  to 
recf>rd  the  movements  of  the 
chest.  Recourse  is  had  to  the 
tambours.  Fig.  124  shows 
the  rweiving  tambour,  whose 
membrane  is  held  in  a  conical 
position  l)y  the  spiral  spring 
(A).  The  l>iitton  of  the  re- 
ceiving taml^K>ur  follows  the 
movements  of  the  chest  wall  ; 
the  changes  f)f  pres^^ure  in  the  ret'civing  tanil)onr  are  coninuinicatcMl 
through  a  rublxjr  tube,  and  tin-  reconl  is  reorived  upon  earlxnied 
paper.    Fig.  1  '1^)  gives  a  normal  stethogram.    Note  ( i )  that  thr  rise 


Nonaal  j-tetho^rnni  of  ili»rs« ►-ventral  diamt'trr 
uipple  i>]auo. 
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(inspiration)  is  more  rapid  than  the  fall  (expiration)  ;  that  (ii)  both 
inspiration  and  expiration  are  more  rapid  at  first  and  gradually  slow 
ofFat  the  end  of  the  act;  (in)  that  there  is  a  moment  between  the  acts 
when  there  seems  to  be  no  movement  at  all ;  (iv)  that  this  moment  of 
perfect  inactivity  is  longer  at  the  end  of  expiration  than  at  the  end 
of  inspiration. 

5.  The  Thoracometer. — This  instrument  not  only  traces  a 
stethogram  but  the  height  of  the  waves  bear  an  accurate  and  un- 
varying ratio  to  the  movements  of  the  chest  wall.  The  instrument 
is  used  for  quantitative  work  upon  the  thorax.  The  instrument 
consists  of  a  thoracic  frame  similar  to  that  of  the  stethograph 
shown  above,  but  the  rod  which  holds  the  receiving  tambour  is 
replaced  by  the  rod  shown  in  Fig.  126.    The  essential  features  of 


Fio.  126. 


O    C  IB 


Thoracometer  ntta<-hiuent  to  the  stethograph.  The  thoracometer  differM  from  the  stethogranh 
in  the  substitution  of  this  ro<l  and  spring  for  the  rod  and  tambour  of  the  stethograph.  Tne 
cord  which  runs  over  the  thoracometer  pulley  (B,  C)  passes  to  the  writing  lever. 

the  thoracometer  arc  :  (i)  a  spiral  spring  fitted  Vith  a  button  which 
follows  the  movements  of  the  chest  wall  ;  (ii)  an  inelastic  cord 
to  transmit  the  movements  of  the  button  to  a  recording  lever 
which,  by  weight  or  spring,  is  brought  back  to  normal  after  being 

Fio.  127. 


/vaaaaaaaAAa 


Trarin^**  taken  with  the  thoracometer.  The  ratio  of  the  short  t^)  the  hmg  arm  of  the  trac- 
inK  h  vt  r  iM  iuK  0.2")  tlir  actual  height  of  these  wave?*  multiplied  by  that  rofur/an/ will  give  the 
niovcnKMit  of  the  thoracic  wall.  Showing  variation  «if  lateral  diameter  at  9th  rib,  during  quiet 
breathing.    The  licight  of  tlir  nicjLsured  wave  in  «  mm.,  the  constant  0.2."),  the  lateral  diameter 

(  hanged  2  mm. 

displaced  by  a  inovenioiit  of  the  button  ;  (in)  pulleys  for  chang- 
ing tlie  (liroctioii  of  the  cord  ;  (w)  a  recording  lever  fitted  with 
a  tra<  in<j;  point  ;  (v)  a  carbonwl  drum  for  recording  the  movements 
of  tlio  Icvor.  Tlio  arms  of  the  lever  being  known  the  relation  of 
tho  hoi^ht  of  the  wavo  to  the  actual  movements  of  the  chest  may 
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be  determined.  Figs.  127  and  128  show  two  thoracometer  tracings  ; 
both  in  the  plane  of  the  junction  of  the  ninth  rib  with  the  costal 
cartilage.  From  the  recorded  observations  one  may  draw  the 
following  conclusions  :  (i)  the  dorso-ventral  diameter  varies  more 
than  the  lateral  diameter,  expanding  normally  about  two  or  three 


Fig.  128. 


Showing  variation  of  dorso-ventral  diameter  at  plane  of  9th  nb,  during  quiet  breathing. 
The  height  of  the  nieaflured  wave  is  20.5  mm.,  the  constant  0.25;  the  donw)-ventral  diameter 
changed  5.12  mm.  during  the  act  whose  record  is  measured. 


times  as  much  as  the  latter ;  (ii)  successive  respiratory  acts  differ, 
some  being  beyond  the  average  in  de])th  of  inspiration  and  some 
beyond  the  average  in  extent  of  expiration. 

4.  The  Belt  Spirograph. — Various  forms  of  the  belt  spiro- 
graph or  pneumograph  have  been  devised  to  give  variations  in 


Fig.  129. 


The  belt  spirograph. 

the  circumference  of  the  thorax.    Most  of  these  devices  are 
modeled  after  Marey's  pneumograph,  which  consists  of  a  cyliu- 
.  drical  tambour  with  membranous  end.    From  the  two  ends  of 
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the  cylinder  an  inelastic  cord  girths  in  the  chest.  Increase  of  the 
girth  extends  the  membranous  end  of  the  cylinder,  lowers  the 
pressure  in  the  cylinder,  while  a  decrease  in  girth  increases  the 
pressure  in  it.  Thus  the  changes  in  circumference  incident  to  res- 
piration may  be  recorded.  Like  the  spirograph  the  pneumograph 
of  Marey  is  reliable  only  for  showing  qualitative  changes  of  the 
circumference.  If  one  wishes  to  measure  these  changes  it  will 
be  necessary  to  use  some  such  instrument  as  the  one  here  figured 
(Fig.  129).    In  tlie  figure  a  is  an  elastic  belt  having  pulleys 
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The  chest  pantograph.  For  measuring  and  recording  chest  contours.  The  instrument  is 
const ructed  of  brass  or  of  wo<mI  with  bnws  or  steel  serai-circle.  The  joints  a,  b,  x,  and  y  move 
easily  in  tlie  plane  of  the  instrument.  The  semi-circle.  40  in.  in  diameter,  rotates  at  z  around 
the  diameter  f  r.  The  jKunt  /  is  tixed  to  a  table.  With  /  a  fixed  point  all  movements  of  /,  the 
trucing  point,  are  accompanied  by  corn'sponding  movements  of  r,  the  recording  point.  The 
triangle  f  r  h  and  /  fn  are  similar  triangles  in  all  i)ositions  of  the  instrument  /b  :  ja  :  :/r  :  ft; 

but  ^  ;  therefore,  the  distance  Jr  is  always  i  the  distance  ft. 

fa  .) 

which  arc  adjustable  along  the  belt.  The  pulley  is  shown  in  C. 
Fig.  129,  B,  shows  a  plan  of  the  thorax  with  the  belt  adjusted. 
An  inelastic  cord,  tied  into  an  eye  in  pulley  Xo.  1,  passes  around 
the  chest  over  pulley  Xo.  1  and  one  or  two  other  pulleys  to  change 
the  direction,  iiiially  passing  to  a  recording  lever  adjusted  like  the 
one  used  with  the  thoracometer.  Changes  in  girth  are  very  accu- 
rately recordiKl  by  this  device. 

Study  of  tracings  justifies  the  following  conclusions  :  (i)  The 
res])irat(>ry  acts — as  indicated  in  the  change  in  girth — are  not 
uniform,  an  occasional  one — t»very  eighth  to  twelfth — being  much 
more  extensive  in  inspiration,  scmietimes  followed  by  one  or  two 
sf)!!iewhat  deeper  in  expiration.  (li)  Variation  in  rate  of  inspira- 
tion aeeoiiipaiiies  the  variation  in  extent  of  the  inspiratory  or  ex- 
piratory acts. 

r>.  The  Chest  Pantograph. — This  instrument  in  tracing  ujwn 
"  i!iilliin<'ter  "  or  ^'  ordinate  "  paper  an  outline  of  the  thorax  at  any 


204  RESPIRATION, 

level  enables  one  to  determine  quantitatively  not  only  any  diameter 
but  the  area  also,  as  well  as  any  peculiarities  of  sectional  contour. 

Fio.  131. 


("(Uitours  of  iln'st,  taken  with  chot  pantograph. 

Just  this  feature  of  thr  instrument  (Mial)los  it  to  do  what  the 
other  appliances  aboN'e  decribod  fail  to  do.    For  description  of  this 
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instrument  see  explanation  of  Fig.  130.  If  the  subject  to  be  ex- 
amined sit  beside  a  table  on  which  the  instrument  is  fixed ;  if  the 
seat  be  adjusted  in  height  to  bring  the  plane  of  the  .thorax  to  be  ex- 
amined into  the  plane  of  the  instrument,  i.  e.,  on  a  level  with  the 
top  of  the  table  ;  if  a  sheet  of  millimeter  paper  be  fixed  to  the  table 
under  the  recording  pencil  r ;  and  if  the  tracing  point  t  be  swept 
around  the  thoracic  wall  a  record  of  the  chest  contour  will  be  traced 
upon  the  paper.  The  accompanying  Fig.  131  shows  two  such 
contours  from  healthy  well-developed  young  men.  Two  milli- 
meters in  the  figure  equal  one  centimeter  of  actual  measurement. 
The  inner  contour  is  that  of  forced  expiration  while  the  outer  one 
is  that  of  forced  inspiration.  In  contour  A  the  increase  of  lateral 
diameter  by  forced  inspiration  is  2  cm.  while  the  increase  of  dorso- 
ventral  is  3  cm.  In  the  same  contour  the  cross  sectional  area  of 
the  thorax  in  the  plane  of  the  ninth  rib  is  represented  by  25.52  of 
the  larger  s(iuares  containing  25  square  cm.;  total  area  =  637.5 
scjuare  cm.  while  the  cross  sectional  area  of  the  chest  in  forced 
expiration  is  517.5  square  cm.  Forced  inspiration  shows  an  in- 
crease of  120  square  cm.  or  about  23  jjcr  cent,  over  cross  section 
area  of  forced  expiration.  Furthermore,  both  contours  show  a 
[)rominence  on  the  right  side  (left  in  the  figure)  possibly  due  to 
stronger  musculature  on  that  side. 

THE  PHTSIOAL  EFFECTS  OF  THE  CHANGES  OF  THE 
THORACIC  DIMENSIONS. 

a.  Intra- thoracic  Pressure. 

Intm-thoracic  pr(\ssure  is  the  pressure  in  the  thoracic  cavity 
outside  of  the  air  jmssages ;  that  is  in  the  pleural  and  mediastinal 
cavitiejs  espcrially,  though  it  affects  the  blood  and  lymph  vessels 
of  the  thorax  wliich  are  not  in  either  of  the  two  cavities  men- 
tioiied.  If  one  introduce  into  the  pleural  or  the  mediastinal  cavity 
a  ciiunula  whose  external  end  communicates  through  a  tube  with 
a  recordinjj:  tainl)(>nr  or  with  a  nian<mieter  it  will  be  found  that 
there  is  a  fall  of  the  reconling  lever  or  of  the  mercury,  indicating 
a  fall  of  pressure  below  the  atmospheric  pressure.  It  fact,  the 
recording  lever  or  the  mercury  will  not  again  rise  to  the  level  of 
atmospheric  pressure  ;  but  will  oscillate  uj)  and  down  Inflow  the 
zero  line,  being  lower  during  inspiration  than  during  expiration. 
Fig.  132  ^ives  a  tracing  of  intra-thoracic  pressure  (/.  71),  atmos- 
pheric (.1.  P.),  intra-abdominal  pressure  (/.  A.)  and  a  stethogram 
(N.).  The  traeiiijrs  were  taken  fi*oni  a  rabbit  under  ether,  and  are 
simnltanetms.  The  thing  which  must  be  first  established  is  the 
relation  betwiMii  the  intra-thoraeic  pressure  and  the  respiratory 
i!iovenients.  When  the  chest  wall  rises  in  inspiration — tracing  aS, 
phase  / — note  that  the  thoracic  pressure  falls  to  the  minimum  ; 
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when  the  chest  wall  falls  in  expiration  (S-E)  the  intra-thoracic. 
pressure  reaches  a  maximum.    This  maximiun  does  not  reach  the 


Fig.  132. 
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Simultaneous  tracings  of  intra-thoracic  pressure.  (/.  T.),  intrap-abdominal  prei^surc  {I. A.) 

and  a  Btethogram. 

zero-line  under  ordinary  circumstances.  That  is,  intra-fhoracir 
presHure  ih  ahcuifs  negative ^  hut  it  in  more  negatiee  during  inHjA ration 
than  (luring  expiration.  If  the  lungs  were  inelastic  sacs  the  pres- 
sure between  the  lungs  and  the  th<>racic  wall — intra-thoracic — 
pressure  would  become  zero  almost  instantly  on  the  cessation  of 
the  inspinitory  act.  But  while  the  thoracic  wall  is  by  its  elasticity 
Regaining  its  original  ix)sition  of  rej)Ose  at  the  end  of  expiration 
the  elastic  sacs  within  the  thorax  arc  contnicting  by  virtue  of  their 
elasticity.  Now,  inasmuch  as  the  elasticity  of  the  lungs  had  to 
be  overcome  by  the  negative  pressure  outside  of  them  it  is  easy 
to  see  that  when  there  is  no  obstruction  to  the  exit  of  air  from 
the  lungs  they  will  tend  to  assume  their  positiim  of  repose  more 
quickly  than  will  the  thoracic  wall,  that  is,  they  will  tend  to  ])ull 
away  from  the  thoracic  wall,  leaving  a  negative  pressure  in  the 
pleural  cavity. 
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Intra-thoracic  pressure  may  be  positive  if  there  is  a  forced  ex- 
piration with  occluded  exit  of  air ;  or  in  a  quick  expiration  with  a 
partial  obstruction  to  the  free  exit  of  air  the  pressure  in  the  pleural 
cavity  will  be  positive.    In  Fig. 


133  the  nostrils  of  the  rabbit 
under  observation  were  held 
shut  at  X.  The  vigorous  respi- 
ratory acts  which  the  animal 
made  in  its  effort  to  get  air 
made  the  inspiratory  pressure 
much  lower  than  usual  and  the 
expirator}'  pressure  much  higher 
than  usual,  reaching  almost  as 
far  on  the  positive  side  of  the 
zero  line  as  on  the  negative  side. 

Physiologically  the  intra-tho- 
racic pressure  is  positive  during 
the  forced  expiration  of  cough- 
ing, sneezing,  and  straining  at 


Fig.  133. 


Tndog  of  iDtn-thonde  pretsare  shov- 
ing influenoe  of  mi  obttrncuon  in  the  air 
pusagw  introduced  at  X, 


stool,  or  lifting.    The  face  be- 
comes red  in  the  two  last  be- 
cause the  })ositive  pressure  is  sustained,  blocking  venous  flow  to 
the  heart. 


b.  Eespiratory  Pressure. 

Respiratory  pressure  is  the  pressure  in  the  air  passages.  It  is 
always  negative  during  inspiration  and  always  positive  during  ex- 
piration. If  it  were  not  negative  during  inspiration  the  air  would 
not  flow  into  the  lungs  and  if  it  were  not  ix>sitive  it  would  not 
flow  out  of  the  lungs  during  expiration.    In  quiet  breathing  the 
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<'rHdi(K]iueuiuatoKruins  showing  Influenre  of  the  pulMtion  of  the  thoracic  arteriea  upon 

rcttpiratory  prvwuiv. 

rosi)irat«»ry  pressure  is  only  slightly  positive  and  slightly  negative. 
Should  the  air-passa^s  l)ecome  jmrtially  obstructed  as  in  sneezing, 
or  cou^hin^,  the  jK)sitive  pressure  of  expiration  may  be  very  high. 
During  liftin^r  or  straining  at  stool  the  jwsitive  pressure  in  the  air 
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passages  exceeds  the  ix)sitlve  pressure  in  the  pleura  by  the  amount  of 
the  elasticity  of  the  lungs.  If  one  hold  in  the  mouth  or  nose  a  tube 
whose  distal  end  is  connected  Avith  a  recording  tambour  one  will 
notice  that  the  recording  lever  rises  and  falls  synchronously  with 
ventricular  systole,  or  with  the  pulsations  of  the  thoracic  arteries. 
To  suc<jessfully  trace  this  "  cardio-pneumatogram "  one  must 
either  breathe  very  quietly  or  suspend  respiration  altogether  for 
short  periods  during  which  the  tracing  may  be  taken.  Note  in 
the  accompanying  tracings  indubitable  evidence  of  systolic  and 
dicrotic  pulse  waves  which  have  been  transmitted  through  the  air 
of  the  respiratory  passages  and  thence  to  the  recording  lever  via 
the  tambour  and  tube. 


Intra-abdominal  Pressure. 


Intra-abdominal  pressure  is  zero  or  very  near  zero  it  at  the  end 
of  expiration  in  quiet  breathing ;  that  is,  when  thoracic  and 

abdominal  walls  are  in  a  state 
of  perfect  repose.  When  the 
diaphragm  descends  in  inspi- 
ration the  pressure  becomes 
decidedly  i)03itive,  forcing  ab- 
dominal viscera  and  wall  out- 
ward against  atmospheric 
pressure.  (See  Fig.  132,  /. 
A,)  If  the  viscera  and  wall 
regain  their  position  of  repose 
in  response  to  the  elasticity  of 
the  abdominal  wall  there  will 
be  but  one  wave  of  i)ositive 
j)rossure  and  that  is  caused  by 
the  descent  of  the  diaphragm, 
and  occurs  when  intra-thoracic 
pressure  is  lowest.  If  there 
is  an  active  contraction  of  ab- 
dominal mus(!les — as  in  the 
case  in  Fig.  132 — there  will 
be  a  second  rise  of  pressure 
due  to  that  contraction,  and  it 
will  occur  during  expiration. 
These  relations  are  well  shown 
in  the  tracin<r.  The  influence 
of  intra-abdominal  pressure 
ujwn  venous  and  lymphatic  circulation  has  been  discussed  al)ove. 
Coughing  and  sneezing  cause  a  sudden  positive  j)ressure  of  moderate 
degree,  but  straining  at  stool,  lifting,  and  straining  in  parturition 
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cause  a  sustained  positive  pressure  of  high  degree,  and  a  consequent 
forcing  of  blood  and  lymph  already  in  large  abdominal  vessels  into 
the  thorax,  but  a  blocking  of  any  further  entrance  of  venous  blood 
or  of  lymph  into  the  abdomen,  thus  backing  it  up  in  the  veins  of 
the  lower  extremities. 

d.  Lung  Capacity. 

This  expression  is  used  to  indicate  the  quantity  of  air  flowing 
into  or  out  of  the  lungs  during  respiration.  The  instrument  used 
to  measure  the  air  is  called  a  Spirometer,  If  the  air  is  collected 
over  water  it  is  a  Wet  Spirometer  (see  Fig.  136),  if  in  an  elastic 
bag,  a  Dry  Spirometer.  The  results  obtained  from  obser\^ations 
will  vary  within  wide  limits  and  according  to  the  combination 
of  several  factors,  e.  g.,  stature,  girth  of  chest,  muscular  de- 
velopment, habits,  age,  sex,  accumulation  of  fat,  etc.,  etc.  If  an 
average-sized  man,  of  average  muscular  development,  breathe 
quietly  into  a  spirometer  it  will  be  observed  that  only  300  to  500 
c.c.  flow  into  and  out  of  the  instrument  with  each  respiration.  This 
quantity  of  air  involved  in  normal  quiet  respiration  is  called 
Tidal  Air.  The  quantity  will  vary  from  300  c.c.  in  perfect  rest 
to  500  c.c.  or  more,  during  or  just  after  moderate  exercise,  as 
walking. 

But  if  the  exercise  be  more  than  the  most  moderate,  the  respi- 
rations will  deepen  until  the  tidal  air  may  reach  1,000  c.c,  or  even 


Fig.  137. 
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AvX     mental               Air  £i. 
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leoo  c.c. 

1600  c.c. 

Diagram  of  luug  capacity. 

more.  If  TjOO  c.c.  hv  arl)itrarily  assumed  as  tidal  air,  then  the  ex- 
cess whicli  may  he  inspired  in  forced  inspiration  is  called  CoM- 
PLKMENTAL  A  IK,  and  for  men  of  average  stature  and  develop- 
ment this  will  approximate  1,000  c.c.  If  at  the  end  of  such  a 
forced  inspiration  an  expiration  is  be^un  which  empties  out  the 
1,600  e.c.  and  the  oOO  c.c,  it  will  be  found  that  the  muscles  of 
14 
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forced  expiration  can  force  out  still  more  air  to  the  extent  of  an- 
other 1,600  c.c.  This  last  air  of  forced  expiration  is  called  Re- 
serve Air.  The  total  quantity  expired  after  forced  inspiration 
is  called  Vital  Capacity  and  is  the  sum  of  the  tidal,  comple- 
mental  and  re8er\'e  (500  -|-  1,600  +  1,600  =  3,700  c.c).  But  at 
the  end  of  forced  expiration  the  lungs  are  not  empty.  There  still 
remains  a  so-called  Residual  Quantity,  which  is  estimated  at 
1,600  c.c.  It  is  an  accidental  forcing  out  of  a  part  of  this  residual 
air  that  causes  such  inconvenience  when  one  gets  a  forcible  and 
unexpected  thump  on  the  thorax. 

A  diagram  representing  these  terms  and  definitions  will  be 
found  in  Fig.  137. 


Types  of  Eespiration. 


1.  Diaphragmatic,  Inferior  Oostal  and  Superior  Costal  Types. 

— ^An  infant  breathes  almost  exclusively  by  means  of  contractions 
of  the  diaphragm.  The  flattening  of  the  arch  of  the  diaphragm 
presses  upon  the  abdominal  viscera  and  pushes  out  the  abdominal 
walls ;  this  type  of  raspiration  is  called  abdominal  or  diaphragmatic. 
At  about  the  age  of  puberty  there  is,  in  all  European  races  at  least, 


Fig.  138. 


Fig.  139. 


The  chaoK'  s  o^'  tlic  thora<;h'  and  abdominal 
walls  of  the  male  during  respiration. 


The  same  in  the  female.    (Hrxc  iii>st).\.) 


a  (li^?tinct  difference  in  the  male  and  female  respiratory  movements. 
(See  Figs.        and  The  narrower,  continuous,  ventral  line 

shows  the  }X)sition  of  repose,  tlie  heavier,  continuous  line  shows 
the  position  at  the  end  of  medium  inspiration.    Note  that  in  the 
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male  the  line  is  somewhat  further  advanced  in  the  lower  costal 
and  abdominal  r^ons  than  is  the  case  in  the  female,  while  in  the 
female  the  upper  costal  region  is  advanced  relatively  further. 
These  two  types  are  called  resi^ectively  the  inferior  costal  and 
superior  costal  type.  Note  that  in  deep  inspiration,  shown  in  the 
interrupted  line,  the  inferior  costal  type  of  the  male  is  more  pro- 
nounced, /.  f'.,  in  deep  inspiration  the  9th  rib  girth  expands  most 
in  the  male,  while  it  is  the  girth  in  the  nipple  plane  which  expands 
most  in  the  female.  There  has  been  some  controversy  as  to  the 
reason  for  this  difference.  Is  it  fundamental  or  incidental  ?  Is  it 
due  to  sexual  life;  viz.,  child-bearing  in  the  female?  If  so,  all 
women  of  all  races  should  show  it.  Some  authorities  (Mays  and 
Kellogg)  say  that  the  American  Indian  women  and  Chinese  women 
do  not  show  the  superior  costal  type  of  breathing,  and,  therefore, 
the  difference  must  be  incidental  and  probably  depends  upon  dress. 
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Cheyne-Stokes  respiration. 


2.  The  Cheyne-Stokes  Tjrpe  of  Respiration. — The  accompany- 
ing figure  represents  a  stethogram  with  a  slowly  rotating  drum. 
Note  the  series  of  rather  rapid,  deep  respiratory  movements  alter- 
nating with  perfect  rest  in  the  recorded  ca.^e  above.  Sometimes, 
liowever,  there  is  an  alternation  of  a  series  of  deep  with  a  series  of 
shallow  respirations.  In  the  latter  form  it  is  frequently  to  be  no- 
ticed ill  children  during  sleep.  It  is  seen  in  chlonil  poisoning, 
morphine  pMsoiiing  and  in  nervous  diseases  which  interfere  with 
the  action  of  the  center.  The  Cheyne-Stokes  respiration  in  its 
physiologic  fi»rnis  seems  to  Ix^ar  to  respiration  a  relation  analogous 
to  that  which  the  Traube-Hering  pressure  curves  bear  to  circula- 
tion, both  rliytliins  originate  in  the  medullary  centers ;  the  first 
governing  respiratory  rhythm  and  the  second  governing  vaso-con- 
strietor  tonus.  The  cycle  of  the  Cheyne-Stokes  movement  is  re- 
peated once  to  three  times  per  minute. 

;.  Modifications  of  the  Respiratory  Act. 

1.  Coughing. — When  the  respiratory  mucous  membrane,  in  or 
below  the  liiryiix,  is  irritated  by  inhaled  dust,  or  gases  or  by  ex- 
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uded  secretions — mucus  or  muco-pus — the  system  makes  an  effort 
to  expel  the  offending  substance  by  a  forcible  expiration  accom- 
panied by  a  closure  of  the  larynx  followed  by  its  sudden  opening 
and  an  explosive  expulsion  of  the  air  in  the  upper  air  passages 
this  blast  of  air  usually  carries  with  it  the  irritating  matter. 

2.  Sneezing. — ^When  the  nasal  mucous  membrane  is  irritated 
in  any  way  a  similar  expulsion  of  the  air  through  the  nose  serves 
to  remove  the  irritating  matter.  Both  coughing  and  sneezing  are 
preceded  by  an  inspiration  of  more  than  usual  depth. 

3.  Yawning. — If  for  any  reason  the  respiration  has  fallen  be- 
hind the  requirements  of  the  system  for  oxygen  there  is  an  invol- 
untary effort  on  the  part  of  the  respiratory  system  to  make  the 
deficiency  good.  This  is  accomplished  through  a  prolonged  and 
very  deep  inspiration,  followed  by  a  very  complete  expiration  and 
this  in  turn  followed  by  a  rather  deep  inspiration  after  which  the 
respiration  proceeds  in  the  usual  quiet  rhythm. 

4.  Hiccoughing. — Hiccough  consists  in  a  sudden  contrac- 
tion of  the  diaphragm  which  causes  a  spasmodic  inspiration  ;  this 
is  blocked  by  the  sudden  closure  of  the  glottis,  causing  the  char- 
acteristic sound.  Certain  kinds  of  gastric  irritation,  especially 
the  taking  of  dry  food  or  the  mechanical  irritation  which  the 
stomach  undergoes  incident  to  inordinate  laughing  where  it  is  sub- 
jected to  a  series  of  quick  pressures  by  the  abdominal  muscles. 
In  the  first  case  a  drink  of  water  usually  stops  the  hiccough,  in 
any  case  it  is  likely  to  stop  if  the  attention  is  either  closely  fixed 
ui>on  it  or  completely  diverted  from  it. 

5.  Sighing. — Sighing  is  very  similar  to  yawning  in  its  mechan- 
ism except  that  its  cause  is  due  primarily  to  the  emotions.  Grief, 
sorrow  and  even  extreme  fatigue  may  be  accompanied  by  sighing. 

(>.  Ciying  and  Laughing. — These  are  purely  emotional  in 
their  origin  and  consist  of  a  deep  inspiration  (in  crying)  usually  fol- 
lowed by  a  series  of  spasmodic  vocalized  expirations  (in  laughing 
usually).  But  crying  and  laughing  are  subject  to  so  many  in- 
dividual peculiarities  in  sound  and  in  facial  expression  that  it  is 
imjjossible  to  draw  a  distinct  picture  of  either  or  a  definite  line 
between  them. 

7.  Sobbing. — After  prolonged  crying  the  respiration  is  likely 
to  take  the  form  of  sobbing  which  is  a  series  of  convulsive  in- 
spirations accompanied  by  partial  closure  of  the  glottis. 

B.  THE  CHEMISTR7  OF  RESPIRATION. 

1.  EXTERNAL  RESPIRATION. 

a.  Respiratory  Changes  in  the  Air  Breathed. 

1.  Composition  of  the  Normal  Atmosphere. — The  open  at- 
mosphere is  a  mixture  of  gases  in  the  following  approximate  pro- 
portions : 
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Atmosphere 


^Nitrogen,  includiDg  Argon,  etc.,    79.00)  . 
Oxygen,  20.96  I'l^^ 

Carbon  dioxide,  0.04  J 

NH3,  Hfi;  organic  matter,  in  small  variable 
quantities.  Thougn  the  quantity  of  H^O  in  the  air  is  consider- 
able— over  1  per  cent. — ^it  is  not  customary  to  reckon  it  in  the 
gaseous  constituents.  How  is  the  air  changed  durine  its  stay  in 
the  lungs  ?  An  apparatus  may  be  constnicted  which  will  diow 
both  qualitatively  and  quantitatively  the  principal  changes  effected. 
If  a  small  animal  be  confined  in  a  sealed  chamber  and  provided 
with  dried  air  which  has  been  deprived  of  all  (X)^  it  will  be  found 
that  the  air  on  leaving  the  chamber  has  received  considerable  CO, 
and  Hfi  and  a  small  amount  of  organic  matter  and  that  it  has  a 
higher  temperature.  Systematically  enumerated  the  changes  in 
respiration  are : 

2.  Qaalitative  Ohanges  Produced  by  Respiration. — (a) 

Change  of  Temperature. — Air  below  36®  C.  would  always 
be  increased  in  temperature,  though  not  quite  to  blood  tempera- 
ture, 38®  C.  In  ordinary  quiet  respiration  of  air  at  ordinary 
room  temperature  (20°  C.)  the  expired  air  has  a  temperature  be- 
tween 36®  C.  and  37®  C.  Very  cold  air  would  not  be  raised  to 
that  temperature,  and  very  warm  air  (40®  C.)  would  not  be  lowered 
to  that  temperature. 

(6)  Change  in  Proportion  of  CO,. — ^The  CO^  is  always  in- 
creased. If  the  inspired  air  be  pure  the  expired  air  will  contain 
4  per  cent*  to  5  per  cent.  (4.34  per  cent.)  CO,. 

(0)  Change  in  Proportion  of  Oxygen. — ^The  oxygen  is 
always  decreased.  If  the  inspired  air  be  pure,  1.  e.,  has  20.96  per 
cent,  oxygen,  one-fourth  of  the  oxygen  is  consumed  at  one  breath- 
ing of  the  air.  With  successive  re-breathing  less  and  less  oxygen 
is  consumed,  but  eventually  it  can  all  be  taken  out  of  the  air, 
leaving:  the  latter  quite  free  of  oxygen  and  composed  of  79  per 
cent,  of  nitrogen  ;  CO^,  H^O,  etc.,  21  per  cent. 

((f)  Ciian(je  in  Volume. — If  the  volume  of  inspired  air  be  com- 
pared with  that  of  the  expired  air  it  will  be  found  that  it  is  greater ; 
but  we  must  not  for^^et  that  the  expired  air  has  a  higher  tempera- 
ture, and  that  increase  in  temperature  makes  a  marked  difference 
in  the  volume  of  gases.  If  we  retluce  it  to  the  same  temperature 
it  will  be  found  to  have  actually  decreased  slightly  in  volume. 
Now,  one  liter  of  oxygen,  combined  with  carbon,  makes  one  liter 
of  carbon  dioxide  at  the  same  temperature  and  pressure.  If  the 
oxy^n  of  the  inspired  air  has  all  combined  with  carbon,  why 
should  thert'  1k»  any  dwrease  in  volume  ?  But  the  oxygen  of  the 
inspired  air  does  not  all  combine  with  the  carbon  ;  some  of  it  com- 
bines with  hydn)gen  to  form  H,0,  and  that  causes  the  difference 
in  volume. 
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(e)  Change  in  the  Proportion  of  Water. — The  water  is 
generally  increased,  though  it  may  be  decreased.  Though  the  cool 
inspired  air  may  be  saturated  with  water  at  that  temperature,  the 

raising  of  the  temperature  in  the 
air  passages  increases  the  capac- 
ity of  the  air  for  water  and  more 
is  taken  up  from  the  moist  mu- 
cous membrane.  If  warm  air 
is  saturated  with  moisture  before 
entering  the  lungs  it  w^ill  take 
up  very  little  more.  If  warm 
air  be  dry — the  usual  condition 
in  furnace-heated  houses — it  will 
take  up  moisture  very  rapidly 
from  the  nasal  passages  and 
trachea  and  upper  bronchi.  This 
is  irritating  to  the  delicate  mem- 
branes and  is  one  of  the  many 
causes  for  catarrh. 

(/)  Organic  Matter  in  mi- 
nute quantities  is  added  to  the 
air  in  the  lungs. 

3.  Quantitative  Changes  of 
the  Air  in  Respiration. — {a) 
The  Estimation  of  the  Oxy- 
gen andCO^ix  Expired  Air. 
— The  accompanying  Fig.  141 
shows  a  very  efficient  and  sim- 
l)le  appliance  for  the  determina- 
tion in  question.  The  expired 
air  analyzed  should  rcj)rcsent 
Filling  flask  aud  tube  fi>r  filling  the  wcU-mixed  product  of  many 

ying  receptacle;  ( \  Connecting  tube  .       ,  *  . 

'  •  2 and  a;  AO//,  aT>sori>-  cxpiratious.    This  may  be  ac- 

complished by  inspiring  from 
the  open  atmosphere  and  expir- 
ing into  a  spirometer  or  similar 
receptacle.  After  sufficient  time 
has  elapsed  for  complete  diffu- 
sion of  the  gjises  and  cooling 
to  room  temperature  100  c.  c. 
may  be  drawn  off  and  analyzed. 
Finally  a  correction  nuist  be 
made  for  temperature  and  pres- 
sure and  all  corrected  readings  given  for  0°C\  and  TOO  mm. 
pressure.  The  <|uantity  of  oxygen  and  of  C0._,  in  the  open  atmos- 
phere may  l>e  determined  as  a  preliminary  step  in  the  experiment. 


Apparatus  for  estimation  of  O  and  CO,  in 
expired  air.  (After  Waller.  )  a  KK)  o.c. 
receptacle  graduated  to  one-tenth  c.c.  I>etween 
75  and  100 .  "    '  *  ' 

and  emptying 

V  clips  at 

tiou  fla»k  for  CO,  containing  a  tttroug  solution 


with  f«crew 

>r  Cw. 

of  potassium  hydrate  ;  al)>*or]ition  flaxk  for 
O,  containing  sticlcs  of  phosphorus  in  water. 

In  using  the  apparatus  the  filling  flask  is  (i) 
filled  with  acidulated  water  and  raised  till  the 
liquid  stands  at  0  ;  ( ii)  open  clip  1  ;  lower  /'  to 
draw  in  100  c.c.  of  expinMl  air;  (iii)  clnse  1, 
open  2,  rais<^  F  till  liijuid  rises  to  0,  clo.se  2. 
under  the  pressure  the  A'O//  absorbs  the  CO, 
in  one  or  two  minutes;  (iv)  I>rop  /'  till  the 
liquid  in  F  (  //)  has  the  same  height  a.s  / ;  read 
loss  in  volume  of  gas  ;  this  loss  is  the  CO,  ab- 
sorbed by  KOJf;  (v)  ojjcn  :i ;  raise  /'  till  / 
stands  at  0  ;  close  3  ;  the  pliosphorus  al>sorbs  the 
oxygen  in  a  few  minutes;  (vi)  lower  /'till  L 
and  /  are  in  line  and  read  otf  loss  of  volume  in 
oxygen. 
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The  above  described  observation  gives  the  oxygen  and  COj  which 
exist  after  a  single  respiration  of  the  air.  From  the  data  the 
amount  of  COj  added  in  a  given  time  to  the  air  in  respiration 
may  be  fairly  accurately  determined. 

(ft)  Estimation  of  COg  and  Hjd  Exhaled. — A  simple 
apparatus  for  accomplishing  this  is  shown  in  Fig.  142.  The 
general  construction  is  as  follows  :  {d)  An  animal-cage  for  which, 
for  small  animals,  like  rats  or  guinea-pigs,  a  large,  wide-mouthed 


Fig.  142. 

% 


Apparatu.s  for  the  cxtimation  of  CO^  aud  H,0  in  exhaled  air. 


lx>ttle  may  bo  used ,  {a)  KOH  ;  (6)  Ba(OH)2 ;  (c)  CaCl^,  free  the 
afferent  current  of  air  of  all  CX)^  and  HgO,  so  that  the  animal 
inspires  an  atmosphere  of  nitrogen  and  oxygen  in  pmportions  that 
may  be  accurately  determined  ;  (f)  and  (/)  are  calcium  tubes  for 
absorption  of  the  water,  the  increase  in  weight  is  ecjual  to  the  water 
which  leaves  the  animal  cage  during  the  experiment;  (r/)  is  a 
Geissler  potash  bull)  for  absorption  of  COj,  its  weight  is  taken 
before  and  after  the  observation  ;  the  Ba(OH)2  flask  (A)  indicates 
wliether  all  of  the  CO^  has  been  absorbed  by  the  potash  bulbs ; 
(/-A)  is  a  siphon  apparatus  for  drawing  the  air  through  the  api>a- 
ratus.  The  10-litor  l>ottles  are  graduated  so  that  the  quantity  of 
expired  air  may  1)0  determined.  The  amount  of  oxygen  in  this 
expired  air  may  bo  dotorniined  as  al)ove  shown,  and  by  taking  the 
woight  i)i  the  animal  cage  with  and  without  the  aninud  before  and 
after  the  oxporiment  we  have  data  for  determining :  (i)  The 
amount  of  oxy<ron  consumed  per  kilogramme  animal  per  hour  ; 
(II)  tho  iimoiint  of  CO,  and  of  H.,0  excreted  per  kilogramme  i)er 


216 


RESPIRATION, 


hour.  Unless  the  experiment  is  continued  over  considerable  time 
the  water  excretion  is  only  approximately  determined.  If  there 
is  no  micturation  or  defecation  by  the  animal  the  difference  of 


weight  in  tho  calcium  tubes  will  <rive  the  water  oxcreted  by  lungs 
and  skin.  If  there  is  uiieturation,  a  part  of  the  water  caught  l)y 
the  tubes  will  have  i)eeu  evaporated  from  the  urine.   If  the  animal 
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be  introduced  into  the  cage  just  after  voiding  the  urine,  and  if  the 
amount  of  urine  in  the  bladder  at  the  end  of  the  observation  be 
determined  it  will  be  possible  to  make  a  fairly  accurate  estimate 
of  the  amount  of  water  excreted  during  the  period  of  observation. 


Wlicii  it  is  (Icsin'd  to  observe  the  respiration  of  a  man  or  larger 
animal  one  uses  such  an  apparatut^i  as  that  shown  in  Fig.  143,  as 
('lal)orat(Ml  hy  Voit  and  his  pupils  in  Munich.  The  second  figure 
(Fi^.  144)  gives  the  plan  of  the  appanitus.  A  small  portion  of  the 
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air  which  passes  through  the  respiratory  chamber  is  diverted  through 

the  small  tube  /.    The  pump  and  valve  apparatus  at  m  and 

need  not  be  described.    At  ee^  the  HjO  is  absorbed  by  the  H^SO^ 

and  at  t,  V  the  COg  is  absorbed  by  Ba(OH)2.    The  small  gas  meter 

beyond  measures  the  quantity  thus  analyzed.    Several  portions 

are  usually  diverted  through  duplicate  apparatus.  (See  Fig.  143.) 

All  air  not  analyzed  is  measured  by  the  large  gas  meter  (6?).  This 

apparatus  enables  one  to  determine  for  a  large  animal  or  for  a  man 

the  respiratory  relations  under  various  circumstances  :  (i)  Rest ; 

(ii)  work  ;  (iii)  fasting ;  (iv)  various  diets  ;  (v)  drugs,  etc. 

(c)  The  Respiratory  Quotient. — ^This  is  the  ratio  between 

the  volume  of  COg  exhaled  and  the  volume  of  oxygen  absorbed 

in  the  lungs.    In  the  human  subject,  on  an  average  diet,  the  air 

loses  by  absorption  in  the  lungs  4.78  volumes  per  cent,  of  oxygen 

and  receives  from  the  blood  4.34  volumes  per  cent,  of  COg ;  hence 

T.         CO,   4.34  ^^^^ 
the  respirator}'  quotient:  K.  Q.=-q-^=j^= 0.901. 

The  respiratory  quotient  varies  considerably  in  different  specieSy 
and  in  the  same  animal  under  different  conditions.  Just  how 
these  variations  arise  ^yi\l  be  made  clear  if  we  study  the  relation 
of  these  two  gases  in  a  combustion.  If  one  liter  of  oxygen  at 
0°  C.  and  760  mm.  pressure  unite  with  carbon  to  form  CO^  that 
gas  at  0°  C.  and  760  mm.  will  measure  exactly  one  liter,  so  that 

the  combustion  quotient  of  pure  carbon  is  ^  ^^^'=1.  Suppose 

now  that  we  burn  starch  or  cellulose,  or  any  carbohydrate.  Six 
molecules  of  oxygen  (O^)  Avill  unite  with  each  molecule  of  carbo- 
hydrate to  form  six  molecules  of  CO^  and  release  the  five  mole- 
cules of  HjjO.  But  the  HjO  is  not  taken  into  account  in  combus- 
tion quotients  or  respiratory  quotients  ;  so  that  the  combustion 

quotient  of  a  carbohydrate  w'ould  be  --^^^=1.  It  must  be  evi- 
dent that  in  the  oxidation  of  carbohydrates  in  the  animal  organ- 
ism the  ratio  would  be  the  same,  i.  e.,  R.  Q.  for  carbohydrates 

In  the  combustion  or  in  the  metabolism  of  fats  the  ratio  is 
modified  by  the  presence  of  a  quantity  of  hydrogen  whose  oxygen 
is  not  provided  for  by  the  oxygen  present  in  the  fat  molecule. 
Let  us  take  tripalmitin  as  an  example  :  Its  formula  is  Cgll,  [CH^- 
(CH2)i,  COOH]  3  or  C3H,(C,^H3^0.,)3  or  C,,H,,0,.  To  oxidize  the 
tripalmitin  molecule  it  will  require  5lO.^  to  form  5lCO^;  but  to 
oxidize  the  hydrogen  of  the  molecule  it  will  require  49  atoms  of 
oxygen,  six  of  which  already  exist  in  the  molecule,  leaving  43 
atoms  or  21.5  molecules  to  be  supplied  ;  (51  ^  21.5  =  72.5) ;  it 
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will  require  then  a  total  of  72.5  molecules  of  oxygen  to  yield  51 
of  COj,  the  combustion  quotient  or  the  R.  Q.  for  tripalmitin 

=  ~Y25  O  ^  ~  0.7034.    The  respiratory  quotient  for  proteids  can 

not  be  so  accurately  determined  but  it  ranges  for  diflTerent  proteids 
between  0.75  and  0.81. 

From  what  has  been  said  it  is  evident  that  the  variations  of 
respiratory  (quotient  must  vary  with  the  proportion  of  carbohy- 
drates, fats,  and  proteids  in  the  diet:  (i)  in  herbivora,  R.  Q. 
=  0.9  to  1.0  ;  (ii)  in  carnivora,  0.75  to  0.80 ;  (iii)  in  omnivora, 
0.80  to  0.90.  During  fasting  the  animal  consumes  its  own  tis- 
sues;— /.  e.,  the  reserve  fats  and  proteids — and  the  respiratory  quo- 
tient ranges  from  0.70  to  0.75.  In  the  child  the  respiratory 
quotient  is  lower  than  in  the  adult,  due  undoubtedly  to  the  more 
active  proteid  metabolism  in  the  growing  individual.  The  ratio 
is  higher  in  the  daji:ime  than  at  night,  because  the  muscular  ac- 
tivity is  greater  during  the  day  and  muscular  activity  is  accom- 
panied by  a  free  katabolism  of  dextrose  (carbohydrate)  in  the 
muscle  while  the  muscle  tissue  itself  (proteid)  is  katabolized  no 
more  during  work  than  during  rest. 

The  following  table  illustrates  some  of  the  points  mentioned 
above : 


Animal.  Condition.s.  r  q. ^  9^-_?2? 

^      Vol.  O, 

Ox.  On  carlMjhydrate  diet.    (Herbivorous.)  1.00 


Ox.  On  carlMjhydrate  diet.    (Herbivorous.)  1.00 

Horse.  On  carbohydrate  diet.    (HerbivorouH.)  1.00 

.Sheep.  On  carl»ohvdratc  diet.    (Herbivorous.)  0.88 

Kabbit.  On  carlM)hydrate  diet.    (Herbivorous.)  0.90-1.00 

DoK.  On  mixed  diet.    (Omnivorous.)  .9 

Calf.  On  milk  diet.  0.86 

Man.  On  carl>ohvdrate  diet.    (Omnivorous.)  0.8-0.90 

Dog.  On  flesh  diet.    (Carnivorous.)  0.7 

(  at.  On  flesh  and  mills  diet.  O.S 

Kabbit.  Fasting.  0.7 

I>og.  Fa.»<ting.  0.7 

Marmot.  Awake.  0.8 

Marmot.  Asleep.    (Hibernating.)  0.5 


h.  Respiratory  Changes  in  the  Blood. 

1.  The  Oases  of  the  Blood. — One  of  the  functions  of  the 
blood  is  to  carry  oxygen  fn)m  the  lungs  to  the  tissue,  and  Ciirbon 
dioxide  from  the  tissue  to  the  lungs.  The  next  step  in  our  in- 
quiry is  ii)  subject  arterial  and  venous  blood  to  a  vacuum  to  de- 
tennine  how  much  oxygen  and  COg  arterial  and  venous  blood  will 
yield  under  tlio.se  conditions. 

(ii)  The  ^rin  noi)  of  PL\tua(tin(j  tiieGasks  of  the  Buk)d 
is  shown  in  Fig.  14»").  When  subjected  to  a  vacuum  the  gases 
leave  the  blood,  and  after  being  freed  from  moisture  they  may  be 


220 


RESPIRATION, 


Fig.  145. 


drawn  first  into  the  fixed  mercury  bulb  (3/),  and  then,  through 

adjustment  of  the  three-way  tap 
{3T)y  sent  into  the  eudiometer 
{E)j  where  they  are  collected 
above  mercury  and  may  be  sub- 
sequently analyzed. 

(ft)  The  Results. — One  hun- 
dred c.c.  of  blood,  whether  arte- 
rial or  venous,  yields  about  60 
c.c.  of  mixed  gases.  Pfluger 
found  in  the  arterial  blood  of 
the  dog  58.3  volumes  per  cent, 
of  gases  composed  of  oxygen, 
22.2  per  cent.,  CO^  34.3  per 
cent.,  and  nitrogen,  1.8  per  cent. 
Zuntz  found  that  venous  blood 
contains  7.15  volumes  per  cent. 


less 


oxygen, 


and 


CO,  than 


8.2  per  cent, 
does  arterial 


3fm 


more 

blood  ;  nitrogen  being  the  same 
in  both. 

2.  The  Relations  of  Oxygen 
in  the  Blood. — If  the  oxygen 
is  in  a  state  of  simple  solution 
in  the  blood  as  it  is  in  the  water 
— as  described  in  the  physical 
introduction — we  shall  expect  it 
to  give  up  its  oxygen  to  a  form- 
ing vacuum  in  proiX)rtion  to  the 
falling  oxygen-pressure.  Sup- 
pose we  make  the  experiment. 
(See  Fig.  146.)  Let  the  line 
nO  of  the  figure  represent  the 
gradual  fall  of  oxygen  pressure. 
If  the  line  .vO  represents  the 
quantity  of  oxygen  dissolved  in 
the  blood,  then  according  to  the 
physical  laws  given  above — the 
Henry-Dalton  law  of  absorption 
of  gases — the  decrease  in  the 
quantity  of  dissolved  oxygen 
would  be  represented  also  by  a 
line  )\0;  but  the  curve  npO  repre- 
sents what  actually  takes  place;  /. 
r.,  the  oxygen  is  given  off  very 
slowly  until  the  j)ressure  is  reduced  to  one-third  or  one-fourth  and 
then  it  escapes  very  rapidly  and  not  proportionally  to  the  pressure. 


Plan  of  apparatus  for  extracting  the  gases  of 
the  blowl.  To  extract  gaaes  from  the  bhmd  ; 
lUO  c.c.  of  blood  is  drawn  in  the  blood-bulb  B 
from  the  artery  or  vein.  By  closing  tap  1  and 
onening  tan  2,  the  blood  is  expo»e<l  to  the  con- 
ditions which  exist  in  the  rest  of  the  apparatus. 
Suppose  that  the  movable  mercury  Dulb  Mm 
had  been  previously  held  at  the  level  of  the 
fixed  mercury  bulb  'V;  if  it  be  lowered  to  the 
position  shown  in  the  figure  there  will  be  a 
rarefaction  of  the  air  in  1),  and  .V.  and  the 
gases  will  begin  to  escajH?  from  the  bloo<l.  If  a 
vacuum  be  previously  establishe<l  in  the  appa- 
ratus above  tap  '2,  the  turning  of  that  tap  will 
subject  the  blood  to  a  vacuum,  the  gases  will 
esca[)e  with  such  force  as  to  fill  the  froth- 
chamber  F  with  froth  or  bubbles  from  the 
blood ;  but  the  drying-tube  [>  removes  all 
moisture  from  the  gases,  which  may  be  drawn 
through  the  threc-wav  tap  JiTinto  m  bv  lower- 
ing Sim.  If  now,  3r1)e  turnetl  to  the'left  90° 
and  Mm  be  raised  the  extracted!  gases  will  i)ass 
Eudiomrter  K  where  it  is  received  alwve  mer- 
cury and  may  Iw  me:isured.  A  repetition  of 
the  process  with  a  warming  of  the  blood-bulb 
will  enable  the  experimenter  to  extract  all  of 
the  gases. 
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On  the  other  hand,  if  the  oxygen-pressure  is  gradually  increased/ 
as  in  the  line  On'j  the  quantity  of  that  gas  does  not  increase  pro- 
portionately, but  is  represented  by  the  curve  Op'n',  i.     the  oxy- 
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Diagram  sbowlDg  relation  of  oxjgen  in  the  blood. 


gen  is  absorbed  very  rapidly  at  first  and  very  slowly  later.  But 
we  have  ignored  the  fact  that  the  blood  is  composite.  Let  us  make 
the  experiment  with  plasma,  or  better,  with  serum.  We  will  re- 
lease only  a  small  quantity  of  oxygen  by  reducing  the  pressure  to 
zero — a  quantity  represented  by  the  line  xF^  and  the  line  nP 
represents  the  gradual  decrease  with  decreasing  pressure.  It  ap- 
pears then  that  the  small  quantity  of  oxygen  which  is  associated 
with  the  plasma  obeys  the  Henry-Dalton  law,  and  must,  there- 
fore, be  simply  dissolved.  If  the  red  blood  corpuscles,  or  better, 
if  a  strong  solution  of  hsemoglobin,  be  subjected  to  the  same  ex- 
periment, we  will  find  that  at  first  no  oxygen  is  given  up,  then 
suddenly  all  of  it  is  given  up  rapidly  with  the  fidling  pressure, 
but  not  proportionately  to  the  pressure.  (See  curve  H%(?.)  If 
the  pressure  be  gradually  increased  the  oxygen  will  be  taken  up 
very  rapidly  at  first  until  the  hsemoglobin  is  satisfied  after 
which  no  more  will  be  taken  up.  (See  curve  Oh'H',)  The 
quantity  of  oxygen  absorbed  by  the  hsemoglobin  of  a  given 
(|uaiitity  of  blood  may  be  represented  by  the  line  PO.  From 
this  we  find  :  (i)  the  haemoglobin  takes  up  vastly  more  oxygen 
than  does  plasma ;  (ii)  the  small  amount  of  oxygen  held  by  the 
plasma  is  in  simple  solution  and  obeys  the  Henry-Dalton  law ; 
(ill)  the  oxygen  which  is  held  by  the  hsemoglobin  is  not  dis- 
solved ;  it  is  held  by  chemical  affinity,  the  combination  being 
cjilled  oxyhamoijlofnn  and  written  Hb^O ;  {iv)  the  oxygen  can  be 
8C])arated  from  haemoglobin  only  at  low  oxygen-pressure,  and 
unites  with  hicmoglobin  readily  at  much  below  atmospheric  oxy- 
gen pressure. 

3.  Relation  of  00,  in  the  Blood. — We  have  found  that  less 
than  three  volumos  jier  cent,  of  CO^  represents  the  equilibrium  of 
absorption  of  that  gas  in  the  lungs.  From  the  physical  laws 
above  given  we  should  exi)ect  the  quantity  of  CO,  in  the  blood  to 
l)e  .small  and  the  amount  left  in  the  blood  after  having  {Missed  the 
lungs,  /.  (\y  the  amount  of  CO,  in  arterial  blood,  to  approximate 
the  e(iuilil)riuni,  *\  volumes  per  cent. 
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The  report  of  a  series  of  experiments  will  aid  us  at  this  point 
of  the  discussion  : 

Experiment  (a)  If  arterial  blood  be  subjected  to  a  zero  CO, 
pressure  it  will  give  off  40  volumes  per  cent,  of  COj. 

Experiment  (ft)  If  plasma  be  subjected  to  similar  conditions  it 
will  give  off  13  to  26  (average  20)  volumes  per  cent,  of  COj. 

(c)  If  venous  blood  be  obser\'ed  in  the  same  way  45  to  46  vol- 
umes per  cent,  of  CO,  will  be  collected. 

{(T)  The  red-blood  corpuscles  alone  yield  under  similar  condi- 
tions about  15  volumes  i>er  cent,  of  CO,  (5  percent,  to  7|  per  cent 
of  whole  blood). 

{e)  Plasma  plus  weak  acid  will  yield  in  vacuo  about  30  volumes 
per  cent.  CO,. 

(/)  Plasma  plus  Hb  will  yield  in  vacuo  about  30  volumes  per 
cent.  CO,. 

These  experiments  and  observations  justify  the  following  con- 
clusions : 

(«')  More  CO,  is  contained  in  the  blood  than  can  be  accounted 
for  on  the  basis  of  physical  laws. 

(6')  The  plasma  contains  about  two-thirds  of  the  CO,  and  it  is, 
for  the  most  part,  in  chemical  combination. 

((/)  The  CO,  of  the  plasma  must  in  part  be  held  in  weak 
chemical  combination  and  in  part  in  strong  chemical  combination  ; 
because  a  part  of  the  chemically  combined  CO,  is  released  at  zero 
CO,  pressure.  At  this  point  it  is  necessary  to  inquire  :  (i)  In 
what  chemical  combinations  does  CO,  exist  in  the  plasma  ?  (ii) 
Is  one  of  these  affected  by  CO,  pressure  ?  Carbon  dioxide  exists 
in  the  plasma  in  combination  with  sodium  as  XaHCOg  and 
Na^COg.  Of  these  two  compounds  the  former  is  a  weak  one  and 
at  zero  CO,  pressure  will  part  with  that  gas  according  to  the  fol- 
lowing equation  : 

2XaHC03  =  Xa,C03  +  H,0  +  CO,. 

Now,  the  addition  of  a  weak  acid,  or  of  HbO,  further  decom- 
poses the  XagCO.^,  thus  liberating  the  last  of  the  CO.,.  The 
Na/)  probably  joining  to  2NaH.,PQ^  to  make  2Xa.,HPO,  +  H..O. 

((V)  Al)Out*  one-third  of  the  CO,  of  the  blood  "is  held  by  the 
re<l-blood  corpuscles.  It  is  supposed  that  this  is  for  the  most  part 
held  in  a  loose  chemical  combination  with  the  hieraoglobin  of  the 
corpuscles,  in  fact  with  the  globulin  component  of  the  haemo- 
globin. 

{e')  Hiemoglobin,  especially  oxy-ha^moglobin,  acts  as  an  acid, 
and  the  more  stable  carbonates  of  the  blood  are  broken  up  in  the 
presence  of  HbO  and  a  zero  CO.,  jwsHiire. 

Our  next  task  is  to  weave  these  facts  and  conclusions  into  a 
consistent  theory.    Preliminary  to  this  let  us  define  the  word 
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tension  as  used  by  the  physiologist  in  this  connection.  If  the 
partial  pressure  of  a  gas  be  increased  or  decreased  the  quantity 
absorbed  will  rise  or  fall  accordingly.  It  is  evident  that  the  gas 
must  be  under  a  certain  degree  of  pressure  to  prevent  its  passing 
out  of  solution.  The  gas  in  solution  is  said  to  be  under  tension. 
"  If  the  partial  pressure  of  this  gas  (in  the  air)  diminishes,  the  gas 
in  solution  is  given  off  until  the  partial  pressure  of  the  gas  in  the 
air  and  the  tension  of  the  gas  in  solution  are  equal.''  Tension  is 
expressed  in  the  same  terms  as  pressurey  i.  e.,  in  mm.  of  mercury. 
The  tension  of  Ci\  in  the  tissues  =  7.66  per  cent,  of  760  mm.  = 
58.25  mm.  In  the  venous  blood  =  41.4 ;  in  arterial  blood  = 
21.28  ;  while  the  partial  pressure  of  this  gas  in  the  alveoli  equals  5 
jxir  cent,  of  760  mm.  of  mercur\'  equal  to  38  mm.  of  mercury.  In- 
asmuch as  the  XaHCOg  of  the  plasma  will  tend  to  change  to  a  more 
stable  compound,  giving  up  one-half  of  the  COg  in  the  lower  COj 
tension  of  the  lungs,  we  shall  expect  to  find  the  CO^  passing  regu- 
larly from  a  place  of  high  tension  to  one  of  low  tension.  It  will 
naturally  then  diffuse  rapidly  from  the  tissues  with  their  tension 
of  58  -f  to  the  blood,  which  enters  the  capillaries  of  the  tissues 
with  a  tension  of  21  +,  and  leaves  the  capillaries  en  route  for  the 
lungs  with  a  CO^j-t^nsion  of  41  +,  nearly  double  what  it  entered 
the  tissues  with,  but  still  considerably  below  tissue  tension  (58). 
It  must  be  stated  at  this  point  that  the  diffusion  is  made  possible 
by  two  things  working  together,  both  tending  to  take  up  simply 
dissolved  CCX,  from  the  plasma,  store  it  away,  so  to  speak,  in  a 
chemical  combination,  (i)  The  haemoglobin,  which  just  parted 
with  its  oxygen,  may  now  satisfy  its  affinities  with  CO^,  which  it 
does,  thus  making  j)laoe  for  more  CO^  to  diffuse  into  the  plasma, 
(ii)  CO^  has  a  strong  affinity  for  sodium.  This  element  does  not 
exist  free  or  in  loose  combination,  except  with  Xa^HPO^.  So 
that  the  phosphoric  acid  is  forced  to  jmrt  with  its  second  atom  of 
sodium,  as  sliowu  in  the  following  equation  : 

NaJIPO.  -f  CO,  +  H,0  =  XaH^PO,  +  NaHC03 

The  venous  blood  passes  to  the  lungs,  having  received  an  increase 
in  CO,  which  has  been  largely  ti\ken  into  such  chemical  combina- 
tions as  XallCX  Leaving  the  amount  dissolved  in  the  plasma 
varying  little  probably  from  that  which  is  found  in  the  arterial 
l)lood.  Keaeliing  the  lung  capillaries  the  conditions  are  reversed. 
The  liigli  oxyt^en  tension  (122)  of  the  alveoli  favors  the  reversal 
of  the  reaction  between  the  hiemoglobin  and  the  oxygen  and  carbon 
dioxide  <r*is.  The  stronger  affinity  of  haemoglobin  for  oxygen  causes 
it  to  (lro[)  the  CO.,  and  take  up  oxygen  forming  Hb-O,  the  COj  is 
first  taken  up  l)y  the  plasma  thus  further  increasing  the  CO,- 
tensi<>n  in  tliiit  liijuid  and  further  hastening  diffusi<m  towanl  the 
alveoli.    Besides  this  interchange  we  must  not  forget  that  the  low 
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COj- tension  in  the  1  un^  favors  tJie  reversal  4>f  the  reaction  between 
NaH^PO^  and  the  XaHCX)^  so  that  we  have  the  follow  iiig  reaction  ; 

NaH.PO  +  NaHt«,  =  Na^HPO  +  H,0  +  CO, 

Just  how  far  this  it^action  l>etween  phosphorie  aeid  and  carbonic 
acid  plays  a  part  in  actual  respiration  is  still  undetermined. 
Equally  undetermined  is  the  importance  of  the  relation  between 
Hb  and  Ci.K.  That  the  reactions  take  place  when  plasma  or  a 
fifjlution  of  these  compounds  is  under  experimental  test  is  demon- 
gtmted.  But  we  must  remember  tliat  we  have  only  to  account  for 
an  addition  of  s^ix  volumes  per  cent,  of  CO^  iu  the  tissneg  and  a  re- 
lea^iO  of  the  same  amount  in  the  lungs  and  it  is  not  certain  that  the 
reaction  in  question  plays  any  important  part  in  it*  It  may  V^e  that 
the  transfer  of  CO^  is  acc^impliahptl  solely  through  the  laws  of 
ditfnsion  without  the  intervention  of  chemical  reactions. 


Fig,  147. 
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4.  The  Influence  of  Blood  gaaes  upon  the  Spectrum,— In 
any  sjM^ctroseopic  exaniinatiun  of  tlie  blood  account  must  be  taken 
of  the  lact  that  ha:mf>glol>in  reacts  very  differently  under  differ- 
ent conditions:  (i)  When  combine<l  with  oxygen  as  oxy haemo- 
globin (Hb-O)  it  shows  two  absorption  bands  as  shown  iu  Fig* 
147,  T  ;  (ii)  wlieu  it  is  deprived  of  its  oxygen,  /.  t-.,  reduced  to 
hfcmoglobin  the  light  ahs<:irptiou  takes  place  in  one  bmad  band 
which  nearlv  corresjiouds  to  the  two  al>ove  with  the  space  between 
them.    (See  Fig.  147,  II,) 

2,  IITTEEIfAL  OE  TISSUE  EESPIRATION, 

The  terms  external  and  iuternal  respiration  are  used  to  designate 
different  phases  of  the  same  general  process.    The  essential  proc- 
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€88  is  the  providing  of  oxygen  to  the  active  cells,  where  it  is  com- 
bined with  the  cell  plasma  either  in  some  of  the  steps  of  anabol- 
ism  or  in  some  of  the  earlier  katabolic  steps.  This  ultimate  step  of 
respiration  is  called  "  tiame  respiration or  "  internal  reynration.^* 
A  still  better  term  would  be  cell  respiration.  Cell  respiration  then 
consists  in  taking  up  of  oxygen  from  the  intercellular  plasma  and 
utilizing  it  in  metabolic, — usually  katabolic, — processes.  The  ul- 
timate products  of  katabolism  are  COj,  H^O,  etc.  These  end  pro- 
ducts are  useless  to  the  cell  and  are  ejected  into  intercellular 
plasma.  It  is  evident  from  this  that  cell-respiration  is  simply  one 
phase  of  cell  nutrition  which  deals  with  the  gaseous  elements  of 
assimilation  (oxygen)  or  of  excretion  (CO^).  The  term  external 
respiration  is  applied  to  all  those  processes  by  which  air  is  intro- 
duced into  the  lungs,  the  oxygen  taken  up  by  the  blood,  the  CO,, 

Fig.  148. 


Diagram  showing  relation  between  external  and  internal  respiration. 


giv(?n  off  by  the  blood  and  the  transfer  made  with  the  tissue 
plasma.  The  relations  between  external  respiration  and  inter- 
nal or  cell  respiration  may  best  be  illustrated  by  a  diagram- 
matic scheme  of  the  respiration.  The  oxygc»n  of  the  atmos- 
phere enters  the  zone  of  tidal  air  where  the  oxygen  pressure 
may  l)c  reprt^sented  by  O,  from  this  zone  it  rapidly  diffuses 
with  the  zone  of  reserve  air  where  the  oxygen  pressure  is 
lower  and  may  be  represented  by  (y.  Thence  it  difiiises  into 
smaller  bn)nchioles  and  alveoli  where  the  pressure  is  still  lower 
and  may  be  representcnl  by  O".  The  lower  pressure  (O"')  of  the 
capillaries  invites  it  to  pass  through  the  two  delicate  membranes 
which  sei)arate  it  from  the  lumen  of  the  capillary.  Once  in  the 
blood  current  it  is  swept  along  as  Hb-O  to  the  active  cells  where 
the  oxygen  pressure  is  practically  zero  (O"").  Here  the  hiemoglo- 
bin  gives  up  its  oxygen,  or  the  oxygen  is  dissociated,  is  dissolved 
in  the  cell  plasma  in  part  or  passes  directly  into  the  living  cells 
where  it  is  ut  once  chemimlly  combined  in  the  cell  metabolism. 
But  the  blood,  now  robbed  of  oxygen,  is  in  the  presence  of  very 
15 
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hi$rfa  prepare,  the  hsHDOglobm  b  iiL^nimental  io  boldii^ 
cbemi^U  J  a  certain  amoimt. — let  us  ?aT  provi^i*  mally,  a$  Hb-(\>«, 
— tb&  r&^t  is  taken  up  in  simple  «olotion  in  the  pLHna.  Thos 
laden  the  bWid  is  brr>iigfat  Ijaek  to  the  air  cells  <>f  the  lonj^  where 
the  hsemogloUn  at  once  release?  the  CiX  antl  takes  ap  •>xTgeB^ 
formii^  again  Hb-^X  The  iHX  after  its  release  firom  the  cor- 
poacles  is  in  the  plasma  from  which  it  rapidly  diffuses  into  the 
alveoli,  because  of  the  low  CC^-pressnre  there.  The  relations 
may  alsrp  lie  expressed  thos:  O-pressore  in  tidal  airdoS  mm.) 
>  ^>-pre5^ore  in  reserve  air  >  O-pressore  in  residnal  air  (122 
mm.)  >  0-pre?irure  in  capillary  1 3* ►  nmi. )  >•  O-pressore  in  tissues. 
CtJj-pressiire  in  tidal  air  mm.  <  OX-pressore  in  reserve  air 
<  f'C>J-^re^^ure  in  residual  air  (38  mm.)  <  tXX-prese?iire  in  capil- 
lary (41  mm.)  <  CO,-pressare  in  tissues  (58.25  nmi.). 

Ricfaert  (.\merican  Text-book  of  Physiol* »gy.  p.  526)  uses  the 
following  very  effective  method  to  show  why  the  O  passes  from 
the  alvoli  of  the  lungs  inti>  the  hhyfjd  and  CO,  in  the  reverse 
direction : 

O  cu 

Tension  in  alveolar  air  122  38 

Pulmonarv  membrane  f  i  

TeR*ion  in  venous  blood       22  -f-  41  -f- 

In  a  similar  way  he  shows  graphically  why  the  diffusion  cur- 
rents are  reversed  in  the  tissues : 

O  CO. 
Tensions  in  arterial  blood     29.64  21. 2*8 

Bloorl  ves??el  walls  '  *  

Tensions  in  tissues  0.0  5s.25 

Having  define<l  the  external  and  the  internal  respiration  and 
having  ?»hown  the  fon-es  which  operate  in  the  movements  of  the 
gasf;8  of  respiration  it  remains  to  treat  briefly  the  relation  of  cell 
respiration  to  general  cell  metabolism.  This  has  l>een  done  in 
?»^>me  fletail  under  General  Physiology  so  that  a  brief  summary  is 
all  that  i-  here  nMniire<l. 

Summary  of  the  Principles  of  Cell  Respiration. 

( 1 )  The  increase  of  the  supply  of  oxygen  does  not  increase  the 
activity  of  the  cell  or  tissue. 

(2)  The  incrffas^*  of  cell  activity  is  accompanied  by  an  increase 
of  neeil  for  oxygen  followcrl  by  an  increase  of  the  supply  of  oxyoren. 

(3)  The  amount  of  (X)j  given  off  by  the  cell  is  pn^portioual  to 
its  activity  ;  and  is,  therc^fon-,  n  nuasurt  of  rtll  arfiriti/. 

(4)  Cell  activity  takes  the  form  of  liberation  of  t  iterf/u.  This 
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energy  is  the  potential  energy  of  cell  protoplasm  (or  energy-pro- 
ducing material  held  by  the  protoplasm — see  metabolism)  and  is 
liberated  not  by  direct  oxidation,  as  in  combustion ;  but  by  in- 
direct oxidation. 

(a)  "  By  integration  of  O  a  force-yielding  storage-substance  is 
formed  "  (Waller). 

(h)  By  disintegration  of  this  substance  carbon  dioxide  is  liber- 
ated in  company  with  other  material  katabolites  and  energy  in  the 
form  of  heat,  work,  and  electricity. 

a  THE  CONTROL  OF  THE  RESPIRATION. 

1.  IKNEBVATION  OF  THE  BE8PIBAT0BT  ORGANS. 

a.  Oeneral  Experiments  and  GonclnsionB. 

A  dissection  of  the  respiratory  system  would  reveal  the  presence 
of  the  intercostal  nerves,  one  just  posterior  to  each  rib,  giving  off 
fine  branches  to  the  intercostal  muscles ;  followed  toward  the  cen- 
tral nervous  system,  these  nerve  trunks  are  found  to  emerge  from 
the  spinal  cord  by  two  roots,  an  anterior  nerve-root  and  a  poste- 
rior nerve-root.  One  would  find  the  diaphragm  supplied  by  a  pair 
of  large  nerves  which  may  be  traced  up  through  the  mediastinum 
out  of  the  thorax,  into  the  deep  muscles  of  the  neck  where  they 
are  found  to  be  a  part  of  the  cervical  plexus  and  to  arise  from  the 
III,  IV  and  V  cervical  nerve-roots  ;  these  are  the  phrenic  nerves. 
Further,  wc  remember  that  the  vagus  gave  off,  besides  the  cardiac 
branches,  the  suiMjrior  laryngeal  and  inferior  laryngeal  and  the  re- 
maining trunk  i.s  largely  distributed  to  the  tissue  of  the  lungs, 
though  a  part  of  the  trunk  extends  as  far  as  the  stomach.  If  we 
follow  the  distribution  of  the  vagus  in  the  lungs  we  will  find  tliat 
its  branches  enter  the  root  of  each  lobe  and  are  distributed 
along  the  air  passages  supplying  the  mucous  membrane  and  the 
involuntary  muscles  of  the  bronchioles.  Physiological  exj^eri- 
ment  alone  can  determine  the  action  of  these  different  nerves. 

1.  Experiments. — (i)  Cut  one  or  more  of  those  lower  inter- 
costal nerves  which  supply  the  abdominal  muscles  ;  the  muscles 
will  cease  to  act  in  expiration. 

(ii)  Cut  one  or  more  of  those  upper  intercostal  nerves  which 
supply  the  external  and  internal  intercostal  muscles;  the  miLscles 
in  (luestion  cease  to  act,  /.  f.,  the  external  intercostals  cease  to  ele- 
vate the  rihs  in  inspiration  and  the  internal  intercostals  crease  to 
depress  the  ribs  in  expiration. 

(ill)  Cut  the  iK)sterior  nerve-nK>ts  of  any  of  the  intercostal 
nerves ;  the  results  above  observed  in  cutting  the  whole  nerve 
trunk  arc  noted  in  this  case. 

(IV)  Cut  the  anterior  nerve  roots  of  any  of  the  nerves  in  ques- 
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tion  ;  the  result  is  the  same  as  if  the  whole  trunk  were  severed. 

(v)  Cut  the  phrenic  nerves ;  the  diaphragm  ceases  its  move- 
ments. 

(vi)  Cut  the  vagi ;  inspiration  is  deeper  and  the  respiratory 
movements  slower. 

(vir)  Cut  the  superior  laryngeal ;  a  tickling  of  the  larynx  will 
not  cause  coughing — exj)iration. 

(viii)  Cut  the  inferior  laryngeal  or  recurrent  laryngeal ;  all  con- 
tractions of  glottis  and  tracheal  muscles  cease. 

(ix)  Cut  tlie  spinal  cord  just  above  the  first  intercostal ;  all  res- 
piratory movements  of  the  ribs  and  of  the  abdominal  muscles  cease. 

(x)  Cut  the  spinal  cord  just  posterior  to  the  medulla  oblongata  ; 
all  respirator\'  movements  of  the  ribs,  diaphragm  and  abdominal 
muscles  cease,  but  the  glottis,  larynx  and  nostrils  will  make  spas- 
modic efforts  at  inspiration. 

(xi)  Cut  or  sever  brain  from  medulla — everything  else  being  in- 
tact, the  rhythm  and  depth  of  the  respiratory  movements  are  not 
disturbed.    Excite  the  animal ;  no  change  in  depth  or  rhythm. 

2.  Conclusions  from  these  experiments  in  order  : 

(i)  The  lower  intercostal  nerves  carry  motor  fibers  of  both  in- 
spiration and  expiration. 

(ii)  The  upper  intercostal  nerves  carry  motor  fibers  of  both  in- 
spiration and  expiration. 

(ill,  I  v)  The  motor  fil)ers  jwiss  out  of  the  spinal  cord  via  the  an- 
terior ners'c  roots. 

(v)  The  phrenic  nerve  is  the  motor  nerve  of  the  diaphragm, 
and,  therefore,  a  motor  nerve  of  inspiration. 

Any  of  these  conclusions  may  be  verified  by  stimulating  the 
distill  end  of  any  of  the  cut  nerves ;  in  every  case  the  muscles 
supplied  will  contract,  showing  the  nerves  to  be,  in  part  at  leasts 
afferent  motor  nerves. 

(vi)  From  experiment  (vi)  it  is  diificult  to  say  exactly  what 
the  function  of  the  vagus  is.  Imismuch  as  the  nerve  is  su])plied 
largely  to  mucous  membraues,  we  cannot  expect  it  to  be  motor  in 
its  action.  Suppose  the  distal  end  be  stimulated  ;  no  very  no- 
ticeable change  takes  place.  Now  stimulate  the  central  end  ;  res- 
piratory movements  are  at  once  affected.  A  carefully  adjusted 
stinuilus  of  the  central  ends  may  lead  to  normal  respiratory  move- 
ments. A  strong  stimulaticm  to  the  central  end  of  the  vagus 
will  lead  to  a  more  rapid  rate  of  respiratory  movements  and  a 
final  standstill  of  the  diaphragm  either  at  the  end  of  ex])iration 
or  inspiration,  /.  r.,  diaphragm  either  in  tetanus  or  in  i)aralysis. 
These  results  prove  the  vagus  to  carry  (tffereui  or  s('n.sori/  fibers, 
and  the  ambiguous  results  may  be  accounted  for  as  the  result  of 
ttro  kinfff<  of  sensory  fibers^  one  kind  stimulating  the  inspiratory 
center  and  another  kind  stimulating  the  expiratory  center. 
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(vii)  The  superior  laryngeal  is  a  sensory  nerve  stimulating  ex- 
plosive expiratory  acts. 

(viii)  The  recurrent  laryngeal  is  the  motor  nerve  of  the 
glottis,  laryngeal  and  trachea.  Stimulation  of  the  distal  end  con- 
firms the  conclusions, 

for  the  muscles  of  this 
region  contract  vigor- 
ously. 

(ix)  The  respiratory 
center  for  intercostals 
and  abdominal  muscles 
is  above  the  dorsal 
cord. 

(x)  The  general  re- 
spiratory center  is  not 
posterior  to  the  medulla. 

(xi)  The  general  re- 
spiratory center  is 
not  anterior  to  the 
medulla.  The  cenier  is 
locnted  in  the  meihdhty 
in  the  floor  of  the  fourth 
ventricle,  just  jx3sterior 
to  the  cardio-inhibitory 
center.  It  is  found  to 
be  synunetrically  lo- 
cated in  the  two  lateral 
halves,  though  these 
conuuuniciite  and  act  in 
harmony  they  may  be 
separated  and  still  act 
synchronously,  luit  may 
Iw  made  to  act  inhar- 
nioniously  by  special 
stimulation  of  one-half. 
Kaeh  half  is  further  be- 
liev<'<l  to  consist  of  an 
inspiratory  and  of  an  ex- 
l)iratorv  nucleus.  Frnu  exi)eriments  (x)  and  (xi)  it  is  clear  that 
the  center  is  (tufonHftie,  From  experiments  (vi)  and  (vil)  it  is 
shown  that  the  center  /.s  also  reftew. 

I}.  The  Action  of  the  Respiratory  Center. 

1 .  Through  its  Automatic  Action  the  center  would  send  in- 
termittent spnsn}o(Hc  inHpiratory  or  expinttorif  impulsi\s  along  the 
efferent  nerves  to  the  respiratory  musch^.    The  automatic  action 


S<;heina  of  iiiui'rvatioii  of  respiratorv  orKans  ;  /^.C— Ro»- 
niratory  criitor  in  the  spinal  eonl.  l'  vaKUs  with  superior 
laryngeal,  inferior  laryngeal  and  pulmonary  branches. 
I'hreiiic  su|iplyin>(  the  diaphragiu  ;  internK(taIs  supplyintr 
the  in.xpiratory  and  expiratory  niusclcs  of  the  thorax  ana 
the  expiratory  musele.x  of  the  alKlomeii.  All  cut«DeouM 
sensory  nerves  affect  the  respiratory  center.  Na/tal  8eu.Hory 
may  pfe«  ipitate  sneezing  or  otherwise  affect  respiration. 
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of  the  respiratory  system  is  analogous  to  that  of  tlie  circulatory 
system. 

2.  Reflex  influmce  from  Uie  Periphery  is  an  important  factor  in 
the  control  of  the  rhythm  and  depth  of  the  respiratory  movements. 
There  are  two  ways  in  which  this  is  accomplished  viz.,  directly  and 
indirectly. 

(a)  DiRPXT  Reflex  Stimulation  may  in  turn  be  accom- 
plished :  (l)  through  the  influence  of  the  hlooil  supply;  (li)  through 
the  Influenee  of  nenmry  impulaeK  (a)  The  influence  of  the  bloml 
Hupply,  In  this  connection  we  remember  that  the  cardiac  center 
in  the  medulla  is  affected  by  the  quantity  and  quality  of  the 
blood  which  it  receives  from  the  heart  through  the  carotid  and 
vertebral  arteries.  In  the  same  way  the  respiratory  center  is 
affected  by  blood  from  the  same  source.  In  this  case  the  quality 
of  the  blood  is  of  more  importance  than  the  quantity,  /.  e.,  it  is 
the  quantity  of  oxygen  and  of  carbon  dioxide  which  stimulates 
the  center.  Each  inspiratory  act  is  precipitated  by  the  stimulat- 
ing presence  of  an  excess  of  CO^  in  the  respirator}-  center,  while 
the  expiratory  acts  are  less  aflected  by  the  COj  of  the  blood  until 
this  accumulates  to  an  abnormal  degree  ;  even  then  it  may  be  rather 
lack  of  oxygen  than  excess  of  CO^,  which  causes  the  change  in 
respirator)'  movements.  Fredrick  |)erformed  a  most  interesting 
experiment  with  two  dogs.  The  vertebral  arteries  were  ligated  ; 
the  carotids  of  dog  A  were  joined  through  cannulie  to  the  distal 
ends  of  those  of  dog  B  and  those  of  dog  B  connected  with  those 
of  dog  A,  so  that  the  blood  of  dog  A  circulated  in  the  head  of 
dog  B  and  xiice  rersn.  The  experiment  consisted  in  suddenly 
closing  the  trachea  of  dog  A  ;  after  a  few  moments  dog  B  begiui 
to  giisp  for  breath.  The  reason  is  clear  :  the  excess  of  from 
the  circulatioit  of  dog  A  stimulated  the  respiraton*  center  of  dog 
B,  leading  to  his  much  increased  respiratory  movements. 

(y?)  Under  the  influence  of  the  mensory  impulse  we  may  fir?ft 
enumerate  those  which  come  from  the  vagus.  When  the  lungs 
l)ecome  distended  to  a  certain  degree  the  sensory  fil)ers  of  the 
vagus  SiHul  an  impulse  to  the  center  which  j)recipitates  an  exj)ira- 
tion.  Again,  an  impulse  from  the  su})erior  laryngeal  may  cause  a 
spasmodic  contraction  of  the  abdominal  muscles,  causing  a  cough. 
Certain  irritating  gases — CI,  SO^,  etc.,afl[ect  the  sensory  nerves  of 
the  nose  and  larynx,  and  cause  the  center  to  block  all  respiration. 
Such  gases  are  called  irrespirable. 

(b)  Indihpxt  Reflex  Stimulation  of  the  respiratory  mechan- 
ism may  be  correctly  so  distinguished  because  tlu»  respiratory  acts 
are  induced  or  influenced  by  impulses  from  nerves  only  indirectly 
connected  with  the  resj)iratorv  m(»chanism.  A  sudden  dash  of 
cold  water  will  cause  an  inspiration.  A\  hen  a  child  is  bcin<i:  de- 
livered feet  first  at  birth  care  must  be  taken  that  the  delivery  be 
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made  rapidly,  or  that  the  body  be  protected  from  drafts  of  air,  for 
the  stimulation  by  the  air  may  cause  inspiration  and  the  child 
may  draw  the  respiratory  passages  full  of  mucus,  which  will 
greatly  complicate  the  induction  of  normal  respiration. 

3.  Cerebral  or  Voluntary  Influence  on  the  Respiration. — 
Besides  the  automatic  action  and  the  reflex  influence  of  the  center, 
there  is  a  marked  influence  from  the  cerebrum.  In  fact,  if  one  gives 
his  attention  to  it  he  may  govern  his  respiratory  movements  as  to 
rhythm  and  depth  up  to  a  certain  point.  Certain  states  of  mind 
may  modify  respiration — coughing,  crying,  sighing,  etc.  One 
cannot;  however,  stop  respiration  voluntarily  long  enough  to  take 
his  life.  The  accumulated  impulses  finally  become  too  strong  to 
control  by  the  mind  and  the  diaphragm  descends. 

c.  Unusual  Respiratory  Conditions. 

In  contradistinction  to  the  usual  and  normal  respiration,  which 
is  allied  EuPNcEA,  there  are  several  conditions  which  deserve 
mention. 

1.  Apnoea. — Complete  cessation  of  respiration.  One  can  "hold 
his  breath  "  much  longer  if  he  precedes  his  efforts  by  a  series  of 
rapid,  deep  breaths.  If  the  air  be  vigorously  and  rapidly  forced 
into  the  lungs  of  an  animal  by  artificial  respiration  for  a  minute, 
some  time  will  elapse  before  the  animal  evinces  any  tendency  to 
breathe.  The  most  natural  inference — that  he  has  O  enough  to  last 
a  minute  or  two— is  not  the  correct  inference,  for  experiment  has 
shown  that  the  blood  may  accumulate  a  marked  excess  of  CO^  be- 
fore the  center  is  able  to  overcome  inhibition,  which  it  is  re- 
ceiving from  some  source.  And  what  source?  From  the  over- 
stimulated  sensory  ends  of  the  vagus. 

2.  Hyperpnoea. — Usually  deep  breathing,  such  as  one  is  led 
to  from  too  strenuous  muscular  exertion. 

3.  Dyspnoea. — Painful  breathing.  All  conditions  which  di- 
minish the  C)  or  increase  the  CO^  in  the  blood  circulating  through 
the  medulla,  if  earried  beyond  a  certain  point,  produce  a  labored 
respiration  which  can  no  longer  be  recognized  as  hyj>erpn(ea.  All 
the  phenomena  of  extreme  forced  respiration,  together  with  signs 
of  the  greatest  discomfort,  or  even  pain,  make  up  the  symptom- 
coraj)lex  of  (lyspna^a.  It  is  not  an  infrequent  symptom  of  dis- 
ease, and  may  occur  under  the  following  conditions  : 

(a)  IHrrrf  li  mid  if  ion  of  the  acfirify  of  the  reHpimtory  orgam: 
(i)  Dlmiiiiiflon  {){  r('sj)lniforif  surface,  as  in  pneumonia,  or  acute* 
axlema  of  lungs,    (ii)  Entrance  of  air  or  fluid  into  pleural  cavitieH 
— pneumothorax  and  hydrothorax.    (ill)  Obstruction  of  tmchea 
or  larynx  ;  croup,  cte.,  strangulation,    (iv)  Contraction  of  bron- 
chioles— asthma. 
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(/9)  Enfeeblement  of  circulation,  (i)  In  degeneration  of  heart 
muscle,    (ii)  Valvular  disease  of  heart. 

4.  Asphjnda. — This  term  is  used  to  express  the  condition  of 
collapse  after  a  failure  of  the  system  to  get  O  or  to  eliminate  CO^- 
Such  a  condition  is  always  preceded  by  (i)  Hyperpncea ;  (ii) 
Dyspn/jea,  and  (iii)  Convulsions.  Death  by  asphyxia  occurs  in  four 
stages,  the  three  just  noted,  followed  by  collapse  and  death.  The 
term  is  used  to  indicate  death  by  drowning,  by  suffocation,  by 
strangulation,  etc. 
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DI  ( ;  ESTI  ( )N.    I NTRODUCTION. 

.1.  THE  COMPARATIVE  PHTSIOLOOT  OF  DIGESTION. 

1.  mTRAOELLULAR  ^DIGESTION. 

In  tlie  nature  of  the  (^wc  an  orguniHrn  which  connistft  of  only 
one  cell  must  take  in  nutriment  through  the  ectosarc  or  cxoplasm 
into  the  endosare  or  encloplasm  of  the  cell.  If  the  nutriment  be 
fluid  the  absorption  is  a  simple  process,  influenced  largely  by  the 
physical  laws  of  osmosis,  and  may  lie  followed  by  a  rapid  assimi- 
lation of  the  absorbed  nutriment.  If  the  nutriment  be  solid  the 
process  of  taking  it  through  the  ectosarc  is  a  mechanical  one  and 
is  aceoniplishe<l  by  inovementH  of  the  protoplaMUi.    Once  the  solid 
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particle  of  food  i.s  engulfed  in  the  endosarc  a  true  process  of  diges- 
tion or  solution  is  necessary  l>efore  the  nutriment  may  be  assimi- 
lated or  built  up  into  cell  protoplasm.  For  a  concrete  description 
of  the  whole  process  of  nutrition,  including  digestion,  in  the  uni- 
cellular animals,  particularly  the  amoeba,  the  reader  is  referre<l  to 
General  Phymoiogy  (p.  42).  The  digestion  in  unicellular  ani- 
mals is  necessarily  of  the  intracellular  type.  The  Caelenteraies 
afford  an  example  of  a  type  of  animal  in  which  a  definite  tissue  is 
set  apart  for  the  function  of  digestion.  This  s})ecialized  tissue, 
the  entoderm,  lines  a  cavity  or  a  more  or  less  complex  series  of 
cavities  formed  by  an  invagination  or  dipping  in  of  the  surface  of 
the  developing  organism.  Solid  nutriment  taken  into  these 
cavities  is  taken  up  by  the  endodermal  cells  which  line  the  cavity, 
and  digested  within  them.  The  product  of  digestion  is  in  part 
passed  on  to  the  non-digesting  tissues  by  diffusion  or  by  circulation 
through  the  goHtrovoHcular  canals.  Among  the  ccelenterates  at 
least  one  form  has  l)een  discovered — "  the  fresh  water  medusa — 
in  which,  the  cells  which  line  the  mouth  of  the  gastric  tube  have 
the  function  of  secreting  a  digestive  fluid  "  (Lankester).  But  this 
ccelenterate  retains  the  primitive  intracellular  method  of  digestion 
throughout  the  greater  part  of  the  gastric  tube. 

2.    DIGESTION  BT  SECRETED  FERMENTS. 

The  transition  from  the  primitive  to  the  higher  mode  of  diges- 
tion is  a  gradual  one.  The  lowest  worms — Turbellaria — have  the 
intracellular  mode,  and  the  mesoblastic  cells  of  echinoderm  larvae 
manifest  the  same  property.  In  this  connection  one  recalls  also 
the  intracellular  digestion  of  bacteria,  etc.,  by  the  leucocytes  of 
the  higher  animals. 

All  higher  invertebrates  and  vertebrates  possess  an  alimentary 
canal  through  which  the  food  passes  while  being  acted  upon  by 
various  ferments  which  produce  a  progressive  series  of  digestive 
changes.  This  canal  is  usually  differentiated  into  several  distinct 
divisions  in  which  particular  steps  of  the  i>rocess  are  performed. 
In  the  early  part  of  the  process  the  food  is  triturated.  Either 
before,  during  or  after  trituration  it  is  softened  and  lubricated  by 
secretion  of  the  alimentary  canal.  The  food  is  passed  along  the 
canal  by  a  jK^ristaltic  motion  of  involuntary  muscles  within  the 
wall  of  the  canal.  Dissolve<l  (digested)  portions  of  the  food  are 
removcnl  by  absorption  through  the  wall  of  the  alimentary  canal. 
The  absorption  surface  is  much  increased  (i)  by  the  coiling  of 
the  digestive  tube,  (ii)  by  the  folds  of  the  lining  of  the  tube,  and 
(ill)  by  finger-like  projections  on  the  surface  of  the  folds,  the  last 
metluKl  for  the  increase  of  surface  being  especially  pronounced  in 
the  higher  vertebrates. 
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3.  THE  EVOLUTION  OF  8ALIVABT  GLANDS. 

The  walls  of  the  oral  cavity  are  provided  with  mucous  glands 
which  are  all  developed  by  invagination  of  the  epiblastic  epithe- 
lium of  that  cavity  and  have  the  form  of  simple  or  compound 
tubular  glands.  In  the  lower  vertebrates  there  is  no  very  marked 
difference  in  the  structure  or  function  of  the  glands  in  the  differ* 
ent  regions  of  the  oral  cavity^  except  that  those  of  the  tongue  are, 
perhaps,  somewhat  more  highly  developed  and  more  active  than 
those  of  the  palate,  cheeks  or  sublingual  region.  Among  the 
higher  amphibia,  where  the  tongue  is  so  often  used  as  an  organ  of 
prehension,  the  lingual  glands  are  highly  developed  and  their  se- 
cretion is  driven  out  upon  the  surface  of  the  tongue  with  every 
contraction  of  that  organ.  The  aquatic  reptiles  have  illy  devel- 
oped oral  glands,  while  the  terrestrial  reptiles,  like  the  terrestrial 
amphibians,  have  well  developed  lingual  glands,  as  well  as  sub- 
maxillary glands,  the  latter  secreting  in  some  lizards  a  poisonous 
mucus.  In  birds  the  lingual,  and  in  many  cases  the  sublingual, 
glands  are  well  developed,  while  the  labial,  buccal  and  submax- 
illary are  naturally  absent.  In  the  mammals  three  pairs  of  large, 
ordinarily  acinous,  glands  predominate  over  the  smaller  and  more 
scattered  buccal  glands.  These,  from  their  positions,  are  distin- 
guished as  the  PAROTID,  SUBMAXILLARY  and  8UBLINOUAL  glands. 

From  our  knowledge  of  the  influence  which  the  secretion  of  these 
glands  has  on  the  starchy  foods  in  ourselves,  it  is  often  thought 
that  therein  lies  their  primary  function.  Certain  considerations 
seem  to  show  that  this  is  not  a  correct  view.  In  the  Cetacea  and 
other  a(|uatic  mammals,  and  in  the  blood-sucking  Desmodus,  the 
glands  are  small,  while  the  kangaroo,  which  dwells  in  the  arid 
plains  of  Australia,  has  the  glands  in  question  of  great  size.  It 
would  8eem  that  the  prime  function  of  these  structures  is  to  afford 
a  supply  of  watiT  for  the  solid  food.  A  physiological  advantage 
is  gained  by  the  fact  that  this  water  has  the  temperature  of  the 
body."    (Jeff^ny  Bell.) 

"  Thu  well-known  fact  in  human  physiology  that  the  secretion 
of  the  parotids  is  more  watery  and  that  of  the  submaxillary  and 
sublinguals  more  viscid,  is  paralleled  in  comparative  anatomy  by 
the  lar^  size  of  the  parotids  in  animals  which  masticate  dry  foods, 
as  do  the  Hcrbivoni,  and  by  the  great  size  of  the  submaxillary  in 
such  animals  as  the  ant-eater,  which  requires  a  viscid  fluid  for  the 
purpose  of  catching  its  prey."    (W.  A.  Forbes.) 

4.  THE  EV0LX7TI0N  OF  ORAL  TEETH. 

Anionjr  the  lower  vertebrates  one  finds  teeth  located  in  the  oral 
cavity  and  the  inner  surfaw  of  the  branchial  arches  in  immense 
numlxTs, — as  j>alatal,  lingual,  and  pharyngeal  teeth, — but  they 
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Fig.  150. 


are  also  distributed  in  close-set  rows  over  the  whole  surface  of  the 
akin,  and  produce,  as  in  the  sharks,  a  strong  but  flexible  coat-of- 

mail.  (Hertwig.) 

The  reader  remembers  that 
the  oral  mucous  membrane  is 
derived  from  the  invaginated 
epi blast ;  that,  in  common  with 
the  skin,  it  presents  mesen- 
chymal papillce  ;  and  that  these 
papillae  obey  the  general  biolog- 
ical law  of  the  physiological  di- 
vision of  labor  accompanied  by 

Firat  stage  ofaevclopmentofa  shark's  dermal  (Ufferentiati(m  o{  stmcturc. 

tooth,   enm,  ensLmel  membrane  from  epiblast ;  ''^.-jt-.  i      i         /»  j  •! 

od,  odontoblast  layer  from  mesenchyme:  cm,  With  thcSC  IflCts  aUu  COUSlcl- 

cementum  fundament :  go,  squamous  epiblast.  . .         .       .       ,  .  <     i  xi 

erations  m  view  let  us  study  the 

development  of  a 
shark's  dermal  tooth. 
(See  Figs.  150  and 
151.) 

Compare  it  with 
that  of  the  shark's 
oral  tooth  (see  Fig. 
152)  ;  also  with  that 
of  a  higher  verte- 
brate. 

From  these  figures 
it  is  evident:  (i)  That 
the  dermal  and  oral 
teeth  of  the  shark  are 
practically  identical 


Fig.  151. 


Second  stage  of  a  shark's  dermal  tooth. 

dentine. 


onaniel  ;  />, 


Fi(}.  152. 


in  development  and  struc- 
ture ;  and  (ii)  that  both 
are  modified  mesenchymal 
papilhe.  Th(»  epithelial 
tract  of  the  oral  nuiooiis 
membrane  which  shares  in 
the  formation  of  the  teeth 
has  sunk  deep  down  in  the 
form  of  a  ridge  on  the  in- 
ner surface  of  the  mandib- 
ular arch,  and  into  the 
loose  connective  tissue.  It 

Dental  ridge  and  enamel  i.rgan  of  a  shark's  oral  t(M,ih-  rcprCSCntS  a  spCcial 
ivir  )  generations  of  teeth.    (After  Hkrt-  orgJU,  the  eminH'l  orf/dH 

or  dental  organ.  In  sharks 
and  in  lower  vertebrates  generally  the  replacement  of  old  teeth  by 
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new  ones  is  an  unlimited  process  (see  Fig.  152,  I-IV)  ;  but  as 
the  rank  becomes  higher  the  process  is  more  limited,  and  in 
mammals  the  replacement  occurs  only  once ; — i.  e,,  the  "  milk 
teeth  are  replaced  by  the  permanent  teeth.  One  finds,  therefore^ 
in  mammals  that  the  dental  organ  or  enamel  organ  has  only  two 
papillfe,  one  of  them  giving  rise  to  a  temporary  tooth  and  one  to 
a  i)ermanent  tooth. 

In  all  of  those  lower  vertebrates  provided  with  oral  teeth  those 
organs  are  used  as  instruments  of  prehension  or  of  defense  or  of- 
fense. Even  in  the  highest  vertebrates  the  teeth  retain  the  prim- 
itive function  to  a  limited  extent.  In  the  higher  mammalia  an- 
other function  becomes  prominent,  viz.,  that  of  grinding  the  food. 
This  function  is  most  highly  developed  in  the  herbivora  and  om- 
nivora,  in  which  divisions  of  mammals  the  teeth  are  strongly 
modified  structurally  to  adapt  them  to  this  end.  Among  the 
carnivora  the  primitive  functions  predominate  and  the  teeth  are 
correspondingly  modified  to  adapt  them  for  the  most  efficient 
prehension,  and  offense  and  defense. 

In  ])rimitive  man  the  teeth  are  typical  of  the  omnivora.  In 
highly  civilized  man  the  teeth  are,  with  each  succeeding  century, 
becoming  weaker.  They  develop  more  variably,  erupt  more  ir- 
regularly in  time  and  place,  and  they  decay  earlier.  All  of  these 
facts  are  indications  of  degeneration,  and  point  toward  an  ulti- 
mately toothless  human  race. 

B.  ANATOMICAL  INTRODUCTION. 

1.  A  SUMMARY  OF  THE  ANATOMY  OF  THE  DIGESTIVE 

SYSTEM. 

a.  The  System  in  Gteneral. 

{(i)  Thk  Dkjbstive  System  consists  of  the  alimentary  eanal 
together  with  certain  glands  whose  ducts  open  into  the  canal. 

{h)  The  Alimentary  Canal  begins  with  the  mouth  and  ends 
with  the  anus.  It  consists  of:  {a)  The  oral  cavity  ;  (b)  the 
pharyngeal  cavity  ;  (c)  cesophagus ;  (<l)  stomach  ;  {e)  small  intes- 
tine, composed  of  duodenum,  jejunum,  and  ileum  ;  (/)  large  in- 
testine, composed  of  cjccum,  colon,  and  rectum. 

{(')  The  Ti  HE  is  lined  throughout  with  mucous  membrane,  out- 
side of  which  is  a  submucous  coat.  Both  of  these  coats  vary 
much  in  dilVerent  ])ortions  of  the  tulx).  The  mucous  epithelium 
of  the  mouth  and  (esophagus  is  stratified  while  that  of  the  stom- 
aeh  and  intestines  is  columnar.  The  glands  of  the  mucosa  are 
varionsly  modified  in  different  parts  of  the  anal.  The  submucosa 
is  thin  in  the  mouth  and  pharynx,  but  abundant  in  all  other  parts 
of  the  tracts. 


238 


DIGESTION:  INTRODUCTION. 


(d)  The  Walt,  of  the  Free  Tube — from  the  beginning  of 
the  oesophagus  to  the  anus — contains  muscular  coats,  covered  ex- 
ternally with  a  fibrous  coat.  All  of  that  portion  of  the  canal 
within  the  abdominal  cavity  receives  an  outer  peritoneal  investment. 


Fig.  153. 


Diugrani  of  the  digestive  tract.    (After  Landois.) 


(e)  A  Typical  Portion  of  the  wall  of  the  alimentary  canal 
consists  of :  (r)  Mucous  mcmhmnc,  whose  epithelium  is  the  .secrcfinr/ 
and  (ibHorhhuj  portion  of  the  wall ;  (ii)  Subniueom  voat,  whose 
loose  fibrous  structure  jwrmits  free  folding  aud  free  movement  of 
the  mucosa,  and  furnishes  a  favorable  course  for  blood  vessels, 
lymphatics  and  nerves ;  (in)  Mmcukir  voat,  whose  two  or  three 
layers  of  involuntary  muscle  tissue  perform  the  slow  })eristaltic 
contractions  which  are  so  important  a  factor  in  digestion  ;  (iv) 
Fibrom  root,  which  lends  additional  strength  to  the  walls  of  the 
tube.  Usually  included  with  this  coat  is  the  pavement  epi- 
thelium of  the  peritoneum. 
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(/)  The  EprrHEiJUM  of  the  Mit^ous  Membrane  is  hypo- 
blastic  in  origin  except  in  the  mouth,  upper  pharj'nx  and  lower  rec- 
tum. The  serous  epithelium  of  the  jieritoneal  covering  of  the 
tube  is  from  the  splanehnopleunc  memblcutt.  All  of  the  structures 
between  these  two  epithelial  boundaries  (nerve-tissue  excepted) 
represent  meaenchyinic  mesoblaM.  The  nerv^es  invade  these  tissues 
from  the     neurobUiMic  epiblmi, 

(g)  Upon  the  Inner  Surface  of  the  mucous  lining,  innumer- 
able glands  open.  These  glands  are  developed  in  the  embryo  by 
evagination  from  the  mucous  surface  ;  the  gland  epithelium  has, 
therefore,  the  same  histogenesis  as  the  mucous  epithelium  from 
which  it  evaginated  ;  the  epithelium  of  all  glands  opening  into  the 
mouth  being  epiblastic,  and  that  of  all  glands  opening  in  the 
stomach,  for  example,  being  hypoblastic. 

(h)  A  Large  Proportion  of  these  Glands  are  mucous 
secreting  glands.  In  certain  locations  the  glands  present  both 
structural  and  functional  modifications ;  in  the  stomach  the  pep- 
tic glands  present  structurally  the  striking  parietal  or  acid  cells 
while,  functionally,  these  glands  secrete  both  pepsin  and  hydro- 
chloric acid. 

(j)  BF>in)ES  THF^sE  Glands  WITHIN  THE  Wall  of  the  canal 
there  are  several  large  glands, — salivary  glands  and  ])ancreas, — 
which  lie  quite  outside  that  wall  of  the  canal  and  pour  their  secre- 
tion into  the  canal  through  a  duct  whose  epithelial  lining  is  con- 
tinuous with  the  epithelium  of  the  canal.  The  active  cells  of 
these  glands  are  modified  epithelial  cells,  and,  with  the  lining  of 
the  duct  are  derived,  in  the  embryo,  by  evagination  from  the  lin- 
ing of  the  alimentary  canal. 

6.  Particular  Segments  of  the  Tract. 

1.  The  Oral  Cavity. — This  portion  of  the  alimentary  canal  is 
especially  adapted,  by  its  firm  stratified  epithelium,  to  receive  solid 
food.  The  skeletal  and  muscular  structures  which  surround  this 
cavity  perform  important  parts  in  its  functions.  The  skeletal 
portion  of  the  roof  of  the  cavity  is  formed  by  the  sujKTior  max- 
illary bone  presenting  the  palatal  plate  and  the  alveolar  ridge, 
while  the  skeletal  portion  of  the  floor  of  the  cavity  is  formed  by 
the  inferior  maxillary  bone  presenting  an  alveolar  ridge.  These 
alveolar  ridges  are  armed  with  teeth  which  are  set  in  bony  sockets 
lined  with  periosteum. 

(a)  The  Tkkth. — For  a  description  of  the  minute  structure  of 
the  teeth  the  reader  is  referred  to  any  work  on  histology.  There 
are  two  sets  of  teeth,  a  fcmj^orary  set  and  a  permanent  set.  The 
time  of  eruption  is  im|)ortant  to  the  physiologist,  because  it  is  in- 
dicative of  the  kind  of  food  which  the  organism  requires.  The 
time     Krffj}fio)t  of  the  IWfh  is  shown  in  Figs.  154  and  155. 
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Fig.  154. 


MUan 


Canine 


(b)  The  Muscles  of  Mastication  are  those  which  produce 
the  movements  of  the  inferior  maxillarj'  bone,  especially  the  tern- 
porales,  the  masse ter,  the  pterygoid,  also  those  which  produce 

movements  of  the  cheeks  and 
tongue. 

(c)  The  Glands  of  thr 
Mouth  are  the  numerous 
mucous  glands  whose  func- 
tion is  to  keep  the  mouth 
moij^t,  also  the  highly  devel- 
oped mlivary  glamh.  There 
are  three  pairs  of  salivary 
glands,  the  submaxillary,  the 
sublingual  and  the  j)arotid. 
(For  Figures  see  Secretion.) 

{d)  The  Tongue  lies  in 
the  floor  of  the  mouth,  and  is 
composed  mainly  of  longi- 
tudinal and  transverse  muscle 
fibers,  through  whose  com- 

Tcmporary  teeth.    (Time  given  in  months.)        j^j^^^j  j^^^j^^  ^^^^^ 

be  retracted,  protruded,  raised,  lowered,  or  circumducted. 

This  organ  is  most  useful  in  mcistication.  In  some  animals  it  is 
used  as  an  organ  of  prettensian.  In  most  animals  it  is  used  as  a 
tactile  organ.  In  the 
mucous  membrane  of 
the  tongue  are  locates  I 
the  principal  end-or- 
gans of  the  seme  *A' 
taste.  Especially  adajK 
ting  the  surface  of  the 
tongue  for  these  vari- 
ous functions  are  tht^ 
papillie  which  are  nf 
three  varieties  :  (i)tlit' 
circumvallate,  (ii)  tlu 
fungi-form,  and  (u  i ) 
the  conical.  The  first 
two  forms  named  cou- 
tain  taste  buds.  (See 
Fig.  lof).)  (For  other 
figures  see  Taste.) 

2.  The  Pharjrnx. — The  uvula  marks  the  boundary  between  the 
oral  cavity  and  the  pharynx.  This  cavity  is  common  to  the  di- 
gestive and  respiratory  systems.  The  portion  of  it  which  is  con- 
cerned in  swallowing  is  lined  with  stratified  epithelium  aud  is^ 


Fig. 


Permanent  teeth.    (Time  given  in  years. 
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supplied  with  mucous  glands.  Its  walls  contain  three  sets  of 
muscles  {Pharyngeal  constrictors)  whose  contraction  aids  in  deglu- 
tition. 

Fig.  156. 


Section  of  circumvallate  napilla,  hnwiaitr  -The  figure  includes 
one  8ide  of  the  papilla  and  the  adjoining  part  of  the  %'allum. 
(Mollified  150  diameters.)  (Heitzmann.)  E,  epithelium: 
ft,  taste-bud  ;  C,  corium  with  ii^ected  blood  vessels  ;  M,  gland 

with  duct.  (SCIIAKFER.) 


The  (Esophagus. — This  is  the  tube  which  leads  from  the 
pharynx,  through  the  thorax  to  the  stomach.  It  jxissesses  the 
four  typical  coats  described  above.    The  mucous  membrane  pre- 

FiG.  157. 


DiaKram  of  the  stomach. 


scnts  lon^itndiiuil  folds,  and  its  epithelium  is  stratified.  The 
niiniorous  mucous  <rlaiids  dip  down  into  the  submucosa.  The  two 
heavy  nuiscular  coats  serve  the  function  of  deglutition. 

4.  The  Stomach. — This  very  important  viscus  is  a  dilation  of 
the  alimentary  eanal.    It  has  the  four  typical  coats;  mucosa, 
1() 
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Fig.  158. 


submucosa,  muscular  and  fibrous.  It  is  the  first  portion  of  the 
canal  within  the  abdominal  cavity  and  is,  therefore,  the  first  to 
have  a  peritoneal  investment.  The  mucosa  is  provided  with  two 
varieties  of  glands  (peptic  and  pyloric)  which  will  be  described 
under  gastric  digestion.  This  coat  lies  in  prominent  folds  or  rugoR 
upon  the  subjacent  tissues.  The  muscular  coat  consists  of  two 
principal  layers  of  involuntary  muscle,  an  inner  circular  and  an 
outer  longitudinal  layer  while  an  imperfect  oblique  layer  may  be 
found  at  the  cardiac  end.  The  orifice  between  the  oesophagus 
and  the  stomach  is  called  the  Card/a  (Fig.  157,  C).  It  is  guarded 
by  a  sphincter.    The  orifice  between  the  stomach  and  duodenum  is 

called  the  Pylonis  (157, 
jL>).  It  is  also  guarded 
by  a  sphincter.  At  a 
point  about  two-thirds 
of  the  distance  from  the 
cardia  to  the  pylorus  is  a 
band  of  especially  strong 
circular  muscles.  This 
has  been  called  by  Hof- 
meister  and  Schutz  the 
"Sphincter  antri  pvlo- 
rici (Fig.  157,  ^\  A. 
P.).  The  portion  of  the 
stomach  between  this 
sphincter  and  the  pylo- 
rus is  called  the  An- 
trum  (J).  The  middle 
third  of  the  stomach  is 
called  the  prenntral  segment  (P.  vl.).  The  antral  and  preantral 
segments  together  make  the  Pi/foric  portion y  while  the  segment 
nearest  the  cardia  is  called  the  Otrdidc  portion.  The  use  of  these 
terms  will  be  nccessar}-  in  the  description  of  the  movements  of  the 
stomach. 

5.  The  Small  Intestine. — This  is  a  tubeof  fairly  equal  caliber 
lying  in  coils  in  the  abdominal  cavity.  It  is  Hi  to  20  feet  in 
length  and  j)asses  into  the  necum  through  the  ileo-ciecal  valve. 
It  is  sub-dividc^l  into  three  portions,  the  duodenum,  jejununi  and 
ileum.  The  four  coats  of  the  small  intestine  differ  from  those  of 
the  stomach  principally  in  the  variations  of  the  mucous  membrane. 
The  folds  of  the  latter  are  transverse  and  are  called  ralrnla* 
connivcntcx,    (See  Fig.  158.) 

Uj)on  these  rid<]:es  the  mucous  membrane  presents  two  imjK)rtant 
features,  (i)  the  villi  which  are  finger-like  projoctious  into  the 
lumen  of  the  intestine,  (ii)  the  erv  pts  of  Lieberkuhn  which  dip 
down  from  the  general  surface  of  the  mucosa  to  the  niuscularis 


Longitudinal  section  of  human  Mmall  inte^ttine,  showing 
general  relation  of  the  folds  constituting  the  valvulse  con- 
nivente«  to  the  mucosa  and  submucous  coat ;  the  latter 
contributcH  the  Abrous  core  over  which  the  i^ucosa  with  its 
villi  and  glandtt  extends.    (After  Tiersol.) 
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Fig.  159. 


mucosa.  The  crypts  will  be  described  under  digestion  and  the 
villi  under  absorption. 

Tributary  to  the  duodeniun  are  two  most  important  glandular 
bodies,  the  pancreas  and 
the  liver.  As  the  latter 
has  little  to  do  with  diges- 
tion and  much  to  do  with 
metabolism  it  will  be  de- 
scribed in  the  chapter  on 
metabolism.  The  pan- 
creas is  a  tubulo-raceraose 
gland  resembling  the  sali- 
vary glands  except  that  the 
alveoli  are  tubular.  The 
secreting  epithelium  of  the 
pancreas  is  hypoblastic  in 
origin,  being  derived  from 
the  primitive  mid-gut  by 
evagination. 

6.  The  Large  Intes- 
tine.— This  [>ortiou  of  the 
intestine  consists  of  the  cte- 
cum  with  its  vermiform  ap- 
pendix, the  capacious,  and 
transversely  constricted  co- 
lon, and  the  rectum.  The 
structure  of  the  walls  is 
quite  similar  to  that  of  the 
small  intestine  except  that 
there  are  no  vi//i,  and  the 
tubular  glands  differ  from 
the  crypts  of  Lieberkiihu 
in  having  a  greater  pro- 
portion of  the  nuicus  se- 
creting goblet  cells. 

2.    THE  INNERVATION 
OF  THE  DIGESTIVE 
SYSTEM. 

Diagram  of  principal 
nerves  involved  in  degluti- 
tion, secretion  and  diges- 
tion :  Showing  the  lingual 
braneh  of  the  1 '  pair,  the 
chorda  tympanic  branch  of  the  IT/,  the  glosso-pharyngeal  (/-V), 
the  vagus  (A' ),  the  hypoglossal  (AT/),  the  superior  cervical  gan- 


Diagnim  showing  the  innervation  of  the  digestive 
Mvsteni. 
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glion  {S.S,  G.)  which  sends  a  branch  to  the  parotid  gland  (P)  and 
one  to  the  base  of  the  tongue  which  divides  and  supplies  both 
sublingual  {Slg'j  and  submaxillary  (Sm)  glands. 

The  vagus  gives  off  the  superior  laryngeal  (S.L.)  and  the  infe- 
rior laryngeal  branches ;  gives  off  branches  to  the  cardiac  plextis, 
(Cd.PL)  and,  passing  down  the  oesophagus,  gives  off  branches  for 
the  oesophageal  plexus  (Oe.PL).  The  left  vagus  {L,V.)  supplies 
the  lesser  curvature  of  the  stomach  while  the  right  (i?.  V.)  passes 
behind  the  stomach  and  joins  with  the  large  and  small  splanchnic 
(Maj.Spl.  and  Min.Spl.)  to  form  the  solar  plexus  (*S').  This  great 
plexus  supplies  the  small  intestine  and  sends  a  large  communi- 
cating branch  (C)  to  the  mesenteric  ganglion  and  plexus  (M), 
This  plexus  also  reives  branches  from  the  AT  and  XII D,  and 
the  /  and  //  L.  It  supplies  the  large  intestine.  The  hypo- 
gastric nerve  (II.N.),  with  branches  from  the  //  and  ///  sacral 


The  tissue-activity  of  the  organism  may  be  conveniently  divided 
into  three  groups : 


general  function  of  the  nervpus  tissue,  including  all  nerv^ous  acts 
from  sensation  to  reason  fnt^)  glcindukir  activity,  the  general 
function  of  epithelial  and  lymphoid  tissue  including  all  of  those 
metabolic  changes  which  result  in  the  elaboration  of  a  special 
mixture  either  (i)  by  separating  {Hclcctiiyj)  out  of  the  liquids  of  the 
body,  compounds  which  already  exist,  forming  of  these  a  new 
combination  for  a  special  purpose  ;  or,  (ii)  by  actually  fonniiKj 
new  substances  which  may  be  combined  with  selected  or  separatcKl 
substances  to  make  a  special  mixture.  Of  these  forms  of  glanchi- 
lar  activity  one  may  cite  numerous  examples  :  (i)  the  elaboration 
of  lymph,  urine,  i>erspirati(m  ;  (ii)  gastric  juice,  pancreatic  juice, 
saliva,  bile,  synovial  fluid,  lachrymal  iluid,  sebaceous  matter, 
milk,  etc.  If  one  classifies  as  glandular  all  those  tissues  which 
j)ossess  the  ]>ower  of  elaboration  by  Helcction  or  formation,  he  will 
find  that  he  has  included  practically  the  whole  of  the  derivatives 
of  the  hyj)oblast,  special  portions  of  the  epiblast,  the  whole  of  the 
derivatives  of  the  splanchnopleure  and  soniatopleure  together  with 
the  mcs(>blastic  epithelium  of  the  genito-urinary  system,  and  the 
mesoblastic  lymphoid  tissue.  Theiv  seems  to  be  no  doubt  that 
all  of  the  tissues  enumerated  possess  this  ])ower  to  a  <rreater  or  less 
extent.    The  glandular  activity  of  the  hyjK>blastic  epithelium  is 
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specialized  in  such  organs  as  the  pancreas  and  liver,  and  such 
specialized  portions  of  the  mucous  membrane  as  the  gastric  and 
enteric  glands.  But  the  whole  epithelium  contains  a  large  pro- 
portion of  the  mucus-secreting  goblet  cells  ;  some  writers  stating 
that  any  cell  of  the  mucous  membrane  may  become  a  goblet  cell, 
secrete  its  mucus  and  resume  its  original  form  as  a  columnar 
epithelial  cell.  Even  absorption  of  the  products  of  digestion  from 
the  alimeutarj'  canal  is  not  a  simple  diffusion  and  filtration  but  is 
attended  with  a  marked  activity  of  the  epithelium  first  in  certain 
degree  of  selection  and  second  in  a  partial  elaboration,  changing 
the  peptone  to  a  higher  protcid  form  before  it  is  passed  into  the 
capillaries  of  the  portal  system,  also  changing  fatty  acids  and 
glycerine  to  fat.  That  portion  of  the  epiblast  which  lines  the 
mucous  openings  of  the  body,  e,  mouth,  nose,  anus,  and 
urethra  ;  and  such  mucous  surfaces  as  the  vulva,  prepuce  and 
conjunctiva  are  richly  supplied  with  mucous  glands  ;  but  the 
goblet  cells  are  absent  from  all  of  these  locations  except  the  res- 
pirator}' region  of  the  nasal  mucous  membrane.  In  that  portion 
of  the  epiblast  which  covers  the  general  surface  of  the  body  the 
glandular  activity  is  subordinated  to  the  function  of  protection. 
There  are  innumerable  sebaceous  glands  and  sweat  glands  but  the 
general  surface  cannot  be  called  a  glandular  one. 

The  endothelial  lining  of  all  serous  cavities  is  now  conceded  to 
have  a  general  glandular  activity.  The  serous  fluid  which  oc- 
cupies these  cavities  is  not  identical  with  blood  plasma,  and  though 
an  increased  venous  pressure  leads  to  an  increase  of  the  volume  of 
lymph  and  senmi,  these  fluids  differ  quantitatively  from  plasma. 
Such  a  difference  cannot  be  accounted  for  by  purely  physical 
laws  of  filtration  and  diffusion,  there  must  be  a  selective  activity 
on  the  part  of  the  endothelial  tissues.  This  selective  activity 
maiiifest(K^l  by  endothelial  tissue  in  general  justifies  its  classifica- 
ticm  among  jxlandular  tissues.  In  the  same  category  belongs 
the  endothelium  of  the  circulatory  system  ;  though  glandular  ac- 
tivity has  been  demonstrate<l  only  in  the  endothelium  of  capil- 
laries and  lymph  radicals.  The  genito-urinar}'  system  furnishes 
numerous  examples  of  glandular  activity  ;  the  ovary  and  testes, 
and  the  ^renital  ducts  and  canals  including  the  oviduct,  uterus, 
va<rina,  vas  deferens,  seminal  vesicles  and  prostate  ;  the  kidney 
and  uriiiarv  passages.  The  epithelial  tissues  of  all  of  the  organs 
t'uunicrated  are  irlandular  tissues.  It  is  to  be  noted  here  that  the 
secretion  of  the  ii:enital  glands  is  largely  composed  of  cellular  ele- 
ments ;  the  same  may  be  sai<l  of  the  lymphoid  tissues  of  the  cir- 
culatory sy.-teni  and  of  the  preliminary  secretion  (colostrum)  of 
the  niamniarv  <rlands. 
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2.  SEGBETION  DEFINED. 

The  term  secretion  may  be  defined  as  the  special  activity  of 
the  glandular  tissues,  or  better  the  elaboration  of  fluid  or  semi- 
fluid mixtures  by  selection  from  the  fluids  which  surround  the 
active  cells  or  by  formation  from  the  substance  of  the  active  cells. 
In  the  secretion  of  the  gastric  juice  the  water  and  the  inorganic 
salts  are  selected  from  the  tissue  plasma  which  bathes  the  glandular 
epithelium  ;  the  hydrochloric  acid  is  foi-med  probably  by  a  reaction 
between  salts  of  the  plasma.  It  is  necessary,  however,  that  these 
salts  be  taken  into  the  secreting  epithelium  and  brought  under 
the  influence  of  special  forces  in  order  that  the  reaction  may  take 
place.  The  pepsin  of  the  gastric  juice  is  formed  from  the  proto- 
plasm as  a  product  of  cell  metabolism. 

The  term  secretion  in  its  most  general  application  may  be  ap- 
plied to  the  part  which  the  epithelial  cells  take  in  modifying  the 
fluids  which  filter  and  diffuse  through  them.  That  the  absorbing 
epithelium  of  the  alimentary  canal  modifies  the  absorbed  liquid  is 
now  practically  beyond  question.  In  the  first  place  there  is  a  cer- 
tain selection  of  the  absorbed  liquid  from  the  general  mixture  of 
digested  foodstuffs  and  in  the  second  place  these  absorbed  sub- 
stances are  modified  on  their  passages  through  the  cells.  We  have 
to  deal  here  with  a  clear  case  of  secretion. 

These  examples  of  secretion  in  its  broadest  sense  fall  naturally 
into  two  groups  :  In  the  case  of  the  gastric  juice  the  elaborated 
fluid  is  selected  or  formed,  to  be  poured  out  upon  the  surface  of 
the  mucous  membrane  for  a  particular  use  there.  In  the  case  of 
the  lymph  plasma  there  is  a  selection  of  the  substances  which  are 
to  filter  or  diffuse  through  the  endothelium  from  one  cavity  or 
vessel  into  another  cavity  or  vessel,  to  be  retained  in  the  system. 
In  the  case  of  absorption  the  selected  and  modified  products  of  di- 
gestion are  passed  into  the  circulation  to  be  retained  and  further 
utilized.  We  thus  have  in  the  gastric  juice  an  examj^le  of  what 
has  Ixicn  called  an  external  secretion ,  while  in  the  formation  of 
lymph  and  the  modification  of  the  products  of  absorption  ex- 
am j)les  of  an  internal  secretion. 

The  hypoblastic  epithelium  of  the  liver  forms  products  which 
not  only  afford  examples  of  the  two  kinds  of  secretion  already 
named,  hut  of  a  third  kind  as  well.  The  hile,  composed  of  sub- 
stances which  assist  in  digestion  and  in  absorption,  is  an  external 
secrdion  ;  the  r/li/cor/en  formed  from  the  absorlnKl  dextrose  and 
later  thrown  into  the  blood  as  dextrose,  is  an  internal  secretion  ; 
while  the  urea  and  related  bodies  formed  in  the  liver  are  thrown 
into  the  blood,  not  to  be  utilized  by  the  system,  but  to  be  seereted 
by  the  kidneys. 

In  the  above  presentation  of  the  subject  the  terms  <rlaiKlular 
epithelium  and  secretion  have  been  used  in  the  most  general 
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sense.  The  part  which  the  epithelium  plays  in  the  elaboration 
of  the  products  of  digestion  are  still  subjects  of  controversy.  It 
will  be  best  here  to  present  more  in  detail  the  subject  of  external 
secretion  and  the  specialized  glandular  epithelium  {glands),  which 
elaborate  these  secretions.  Howell  defines  a  gland  as  "  a  structure 
composed  of  one  or  more  gland-cells  epithelial  in  character,  which 
forms  a  product — secretion — which  is  discharged  either  upon  a 
free  epithelial  surface  (external  secretion),  such  as  the  skin  or  mu- 
cous membrane,  or  upon  the  closed  endothelial  surface  (internal 
secretion)  of  the  blood  and  lymph  cavities.'' 

The  one  example  of  a  unicellular  gland  is  the  mucus-secreting 
goblet  cell.  It  is  more  in  harmony  with  the  above  presentation 
of  the  general  physiology  of  glandular  tissues  to  consider  the 
goblet  cells  as  representing  unsi)ecialized  glandular  tissue  cells. 

One  phase  of  the  process  of  differentiation  which  marks  the 
progress  of  evolution  is  the  development  of  glandular  organs,  A 
glandular  organ  or  gland  may  be  defined  as  a  structure  composed 
of  a  specialized  j)ortion  of  glandular  tissue  which  elaborates  by  se- 
lection or  formation  a  special  secretion,  which  is  discharged  either 
upon  an  epithelial  surface  (external  secretion),  or  upon  an  endo- 
thelial surface  (internal  secretion), 

3.  GLANDS. 

The  following  figure  illustrates  gland  types  : 


Fig.  160. 

A  £  ODE 


PiaK'ram  illustrating  the  form.s  of  Klands  :  A,  simple  tubular;  B,  compound  tubular; 
C,  unKiilied  (a)iK'<l)  tubular ;  Jf,  Hinii>1e  Macculur ;  A",  eompouud  saccular,  or  racemose. 
(1Mku.s<»l.) 

As  examples  of  the  simple  tubular  gland  one  may  cite  the 
jrhnxls  of  the  large  intestine  (Fig.  161),  the  crypts  of  Lieber- 
kiilin,  the  ]>eptie  glands,  etc. 

The  eoin pound  tubular  gland  is  represented  in  human  anatomy 
by  the  pyloric  jrlands  (Fig.  162)  and  the  glands  of  Brunner  as 
less  complex  examples  ;  while  the  |>ancreas  (Fig.  163),  kidney 
and  liver  represent  compound  tubular  glands  of  successively  in- 
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Simple  tubular  gland  of  large  iDtestine. 

creasing  complexity.  The 
sweat  glands  are  coiled  tubu- 
lar glands.  The  simple  sac- 
cular glands,  though  promi- 
nent in  the  amphibia  as  the 
mucus-secreting  glands  of  the 
skin,  do  not  occur  in  the  higher 
animals.  The  compound  sac- 
cular or  racemose  glands  are 
represented  in  the  human 
anatomy  by  the  salivary  glands 
(Fig.  1()4).  Some  authors 
classify  these  as  compound  tu- 
bular glands. 

A  discussion  of  the  blo(xl 
and  nerve-supi)ly  of  the  vari- 
ous digestive  glands,  of  the 
histological   changes   of  the 


161. 


Fig.  162. 


Pyloric  mucous  membrane  sliowing  cdmpound 
tubular  glands,  'f,  nuiuth  ;  h,  duct;  r,  coniiMiund 
funtlus  .sli«)wiug  branclK's  t  ut  at  variuu>  angles  ; 
*/,  muse,  mucosa-.    (AfttT  IU:nda.) 


INTERNAL  SECRETIONS. 


249 


glandular  epithelium  during  activity  and  of  the  chemical  compo- 
sition of  the  secretion,  will  be  found  in  connection  with  the  phys- 
iology of  the  gland. 

Fig.  163. 

4.  INTERNAL  SEGBE- 
TIONS. 

Under  this  head  it  is  pro- 
posed to  deal  briefly  with 
the  Functions  of  the  Vascu- 
lar Glands,  also  called  the 
ductless  glands.* 

The  functions  of  the  vas- 
cular glands  have  been, 
until  (juite  recently,  a  mat- 
ter of  somewhat  vague  spec- 
ulation.    Even  now  these 

fiinptinn<4  nrp  not  bv  Jinv  Section  of  the  pancreas  of  the  dog.  (Klein.) 
lunciions    are    not   uy   any      ^  termination  of  a  duct  in  the  tubular  alveoli,  alv. 

means   clearly  established 

and  fully  understood  ;  but  so  much  work  has  been  done,  experi- 
mental and  clinical,  especially  on  the  thyroid  glands,  the  adrenal 


Fig.  164. 


S<>cti<>n  of  human  submaxillary  gland. 


capsules  and  the  pituitary  body,  that  the  theories  advanced  as 
to  their  fiinetions  have  the  advantage  of  strong  probability. 

'  For  tins  soction  F  am  iiulebtCMl  to  Dr.  H.  J.  Achard,  of  Roselle,  111.  The 
liinitntions  of  m  hriut*  student  manual  has  made  it  impossible  to  use  more  than  half 
of  the  valuable  material  receive<l  from  Dr.  Achanl. — The  Author. 
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a.  The  Thyroid  Oland. 

The  thyroid  gland  is  situated  at  the  upper  part  of  the  trachea 
and  consists  of  two  lateral  lobes,  placed  one  on  each  side  of  that 
tube,  and  connected  by  a  narrow  transverse  portion,  the  isthmus. 
The  thyroid  is  of  a  brownish-red  color.  Its  weight  varies  from 
one  to  two  ounces.  It  is  larger  in  females  than  in  males,  and 
becomes  slightly  increased  in  size  during  menstruation  and  after 
maternity.  It  occasionally  becomes  enormously  hypertrophied, 
constituting  the  disease  called  bronchocele  or  goitre. 

The  accessory  thyroids,  or  panithyroids,  seem  to  occur  in  all 
mammals.  One  of  these  bodies  is  attached  to  the  external  or  pos- 
terior surface  of  the  lateral  lobes  of  the  thyroid  ;  in  some  animals 
(dog,  cat,  rabbit,  etc.),  there  is  an  additional  lobe  on  each  side, 
imbedded  in  the  substance  of  the  thyroid  proper.  Histologically 
the  parathyroids  do  not  resemble  the  thyroid  gland  (vide  infra). 
They  present  a  general  appearance  of  embryological  tissue,  and, 
for  this  reason,  have  been  regarded  as  an  immature  form  of  thy- 
roid tissue,  which,  under  the  stimulus  of  increased  functional  ac- 
tivity, is  capable  of  developing  into  normal  thyroid  tissue. 


Fig.  165. 


iScction  of  the  thyroid  gland  of  a  child.  Two  coniplcto  vesi- 
cles and  i)ortions  of  others  are  represented.  The  ve.sicles  are 
filled  with  colloid,  whicli  also  occupies  the  interstitial  spaces. 
In  the  middle  of  one  of  the  spaces  a  blood  vessel  is  seen  cut 
obliquely,  and  close  to  it  is  a  pia.«inia-cell.  lietween  the  cubical 
epithelium-cells  smaller  cells  like  lymph-corpuscles  are  here 
and  there  seen.    (St  n.\KKKK.) 

There  is,  liowcver,  no  satisfactory  evidence  that  sneh  a  trans- 
formation may  take  place.  The  histological  and  embryological 
evidence  seems  to  indicate  that  the  two  tissues  are  not  only  funda- 
mentally different  in  structure,  hut  probably  also  diflerent  in 
origin. 

The  thyroid  body  is  invested  by  a  thin  capsule  of  connective 
tissue,  which  projects  into  its  substance  and  imperfectly  divides  it 
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into  masses  of  irregular  form  and  size.  When  the  organ  is  cut 
into  it  is  seen  to  be  made  up  of  a  number  of  closed  vesicles  con- 
taining a  yellow  glairy  fluid  and  separated  from  each  other  by  in- 
termediate connective  tissue.  Each  vesicle  is  lined  by  a  single 
layer  of  epithelium,  the  cells  of  which,  though  differing  somewhat 
in  sha[>e  in  different  animals,  have  always  a  tendency  to  assume 
the  columnar  form.  Between  the  epithelial  cells  exists  a  delicate 
reticulum.  The  vesicles  are  of  various  sizes  and  shapes,  and  con- 
tain as  a  normal  product  a  viscid,  homogeneous,  semi-fluid,  slightly 
yellowish  material,  which  frequently  contains  blood,  the  red  blood 
corpuscles  of  which  are  found  in  it  in  various  stages  of  disinte- 
gration and  decolorization,  the  yellow  tinge  being  probably  due 
to  the  hiemoglobin,  which  is  thus  set  free  from  the  colored  cor- 
puscles. 

The  thyroid  gland  is  for  the  animal  economy  a  most  important, 
indeed,  necessary,  organ.  Its  removal  or  destruction  is  followed 
by  serious  disturbances  of  nutrition,  and  is  immediately  or  ulti- 
mately fatal,  because  products  of  the  normal  metabolism  attack 
and  harm  the  central  nervous  system,  so  that  nervous  disturbances 
and  depression  occur  as  w^ell  as  disturbances  of  nutrition  (tetanus 
and  cachexia).  The  reintroduction  of  thyroid  material  (by  graft- 
ing, subcutaneous  or  intervascular  injection,  or  absorption  from 
the  alimentary  canal),  causes  an  amelioration,  or  even  an  entire 
removal  of  all  toxic  symptoms. 

It  follows  from  the  foregoing  that  the  thyroid  tissue  produces 
normally  some  material  which  is  in  some  way  essential  to  the 
nutrition  of  the  body,  and  which  acts  as  an  antitoxic  to  those 
products  of  normal  metabolism  which  produce  tetanus  and  cachexia 
in  tliyr(>i(lectomizcd  animals.  Such  a  material  has  been  isolated 
by  Ban  man  n,  and  is  called  thyroiodin,  or  iodothyrin.  It  is  an  or- 
ganic conn)ound  of  iodin,  is  produccnl  by  the  thyroid  gland  from 
traces  of  iodin  contained  in  the  fo(Kl  and  carried  into  the  blood. 
According  to  the  exiK'rinients  of  Roos,  it  preserves  the  beneficial 
eft'cets  of  thyroid  tissue,  and  acts  like  the  latter  in  thyroidecto- 
mizod  animals. 

The  fact  that  extracts  of  thyroid  tissue,  or  iodothyrin,  when 
absorbed  into  the  blood,  ameliorate  or  remove  the  evil  effects  re- 
sult in  <r  from  a  loss  of  function  of  the  thyroid  gland  seems  to  prove 
that  tlie  normal  function  of  the  thyroid  is  not  merely  to  excrete 
j)oisonous  material  after  the  manner  of  the  kidneys.  It  indicates 
(HI  the  contrary  that  these  tissues  act  normally  by  giving  off  a 
material  to  the  blood  which  in  some  way  affects  favorably  the  nu- 
trition of  all  or  a  part  of  the  tissues  of  the  l>ody.  Histological 
research  shows  that,  as  far  as  the  thyroid  bodies  proper  are  con- 
cerned, this  seeretioii  is  contained  in  the  so-called  colloidal  mate- 
rial which  aeeunuilates  in  the  interior  of  the  vesicles,  and  that  the 
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mechanism  of  secretion  consists  in  a  rupture  of  the  walls  of  the 
vesicles  at  some  point,  whereby  the  contents  are  discharged  into 
the  surrounding  lymph  spaces. 

The  most  important  fact  to  be  discovered  is  the  manner  of  ac- 
tion of  this  secretion  upon  the  tissues  of  the  body.  There  are  two 
hypotheses  proposed  : 

(i)  The  function  of  the  thyroid  secretion  is  antitoxic,  /.  p.,  it 
antagonizes  an  unknown  toxic  substance  supposed  to  be  formed  in 
the  body  in  the  course  of  normal  metabolism.  When  the  thyroid 
tissues  are  removed,  this  poisonous  material,  imperfectly  excreted, 
accumulates  in  the  blood  and  produces  the  fatal  symptoms  of  thy- 
roidectomy by  auto-intoxication. 

(ii)  The  secretion  of  the  thyroid  acts  normally  by  promoting  or 
regulating  the  metabolism  of  other  parts  of  the  body,  particularly 
perhaps  the  nervous  tissues. 

As  yet  no  decisive  or  even  probable  proof  for  either  view  has 
been  given,  and  in  working  out  the  problem  there  are  two  great 
facts  to  be  explained :  (i)  that  complete  removal  of  the  thyroid 
tissue  causes  malnutrition,  affecting,  it  seems,  especially  the  central 
nervous  system  ;  and  (ii)  that  the  injection  or  ingestion  of  thyroid 
extracts  in  this  condition  restores  metabolism  more  or  less  com- 
pletely to  a  normal  state. 

An  interesting  phase  in  the  physiology  of  the  thyroid  is  the 
functional  relation  between  the  thyroid  and  the  parathyroid  bodies. 

Gley  was  the  first  to  prove  the  physiological  importance  of  the 
parathyroids.  He  showed  that  in  rabbits  complete  extirpation  of 
the  thyroid  lobes  alone  is  not  followed  by  fatal  results,  as  long  as 
the  parathyroids  remain.  Removal  of  both  thyroid  and  parathy- 
roid tissue  is  in  most  cases  followed  by  typical  symptoms  of  com- 
plete thyroidectomy,  resulting  in  the  death  of  the  animal.  The 
latter  result  has  been  contested  by  some  observers,  but  renewed 
investigations  have  demonstrated  its  accuracy.  Gley's  explana- 
tion is  that  after  removal  of  the  thyroid  its  function  is  vicariously 
assumed  by  the  parathyroids,  and  his  conclusion  :  that  the  func- 
tional value  of  the  two  tissues  is  identical.  But  recent  work  tends 
to  throw  doubt  on  this  conclusion.  Vassale  and  Generali  state 
that  in  dogs  and  cats  the  removal  of  all  four  j)arathyroids  causes 
acute  symptoms  of  complete  thyroidectomy  and  finally  death,  al- 
though the  thyroid  proj^er  be  practically  uninjured  ;  but  the  com- 
l)lete  removal  of  the  thyroid  lobes  is  not  immediately  injurious,  if 
the  parathyroids  (even  only  one)  are  left.  They  contend  that  the 
result  usually  attributed  to  the  extirpation  of  the  thyroid  is  really 
due  to  the  simultaneous  removal  of  the  parathyroids. 

This  result  has  been  partly  confirmed  In'  Kouxeau  and  Gley. 
Moussu,  from  a  study  of  over  l^o  thyroidectomies  and  parathy- 
roidectomies, arrives  at  these  conclusions  : 
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(i)  "  The  organs  of  the  thyroid  system  have  two  distinct  func- 
tions, one  thyroidal  and  one  parathyroidal.  The  thyroids  do  not 
act  vicariously  for  the  parathyroids,  and  ince  versa. 

(iij  The  thyroid  function  is  the  same  for  all  domestic  animals 
and  for  birds.  Its  suppression  has  always  the  same  result,  viz. : 
development  of  crdinmniy  if  it  is  cause<l  under  identical  conditions. 

(ill)  "Cretinism  occurs  only  in  the  young.  It  is  the  more 
acute  the  earlier  the  subjects  are  operated  on. 

(iv)  "  In  adults  thyroidectomy  does  not  cause  acute  symptoms, 
not  even  in  carnivora.  The  operation  is  generally  survived  for  a 
long  period,  but  may  be  followed  by  progressive  cachexia  or  by 
myxoedema. 

(v)  "  The  parathyroid  function  is  for  the  most  vital  conditions  of 
life  indispensable.  It  seems  to  influence  immediately  the  nutrition 
of  tissues. 

(vi)  "  Its  suppression  causes  rapid  death  if  total,  alarming  dis- 
turbances if  partial. 

(vii)  "The  symptoms  of  parathyroid  insufficiency  seem  to  show 
certain  analogies  with  those  of  the  Basedow's  disease. 

(viii)  "The  acute  symptoms,  such  as  tetanus,  tachycardia, 
dyspnoea  or  polypncea,  etc.,  following  operations  on  the  goitre  in 
man  are  parathyroid  symptoms. 

(ix)  "  The  chronic  symptoms,  such  as  lowering  of  temj^erature, 
weakening  of  the  intellectual  faculties,  myxoedema,  etc.,  are  ex- 
clusively thyroid  symptoms. 

(x)  "Strumiprive  cachexia  must  develop  fatally  if  thyroid- 
ectomy is  j^erfornied  during  infancy  and  adolescence. 

"  In  all  operations  on  the  thyroid  organs  the  first  duty  of  the 
surgeon  is  to  look  for  and  to  respect  the  parathyroids  in  all  cases.'' 

Von  Cyon  has  made  a  full  and  exhaustive  study  of  the  relation 
of  the  thyroid  gland  and  the  heart.  He  states  that  a  suppression 
of  the  thyroid  function  (through  illness  or  extirpation)  and  like- 
wise an  increase  of  the  functional  activity  (injection  of  iodothyrin) 
have  an  "  immense  influence  on  the  entire  nervous  system  of 
heart  and  blood  vessels.  He  proves  that  the  vagus  participates 
in  the  innervation  of  the  thyroid  gland,  or  is,  at  least,  closely  con- 
n(»cte(l  with  it,  and  offi'rs,  in  his  discussion  of  the  hypotheses  on 
the  functions  of  the  thyroid  (vide  supra)  the  following  conclusions  : 

(XI)  "The  function  of  the  thymid  gland  is  to  make  harmless 
tlic  salts  of  icwliu,  which  have  a  toxic  effect  on  the  vagi  and 
syinpatlK^tic  nerves,  by  converting  them  into  an  organic  ami- 
pound  :  the  io(htfhi/rln,  which  has  a  stimulating  effect  on  the 
same  iicrvcs,  aud  increases  their  power. 

(XII)  "The  thyroid  gland  functions  mechanically  as  a  safe- 
(jinird  for  the  hrain  ugainst  emforgement.  In  a  sudden  increase 
nl'  l)l()<Ml-|)res>ure,  whether  from  increased  activity  of  the  heart  or 
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from  increased  resistance  of  the  })eripheral  blood-currents,  the  thy- 
roid gland  is  capable  of  passing  a  large  amount  of  blood  in  a  short 
time  through  its  vessels,  taking  it  thus  directly  from  the  arterial 
back  into  the  venous  circulation  and  preventing  its  entrance  into 
the  cerebral  circulation/' 

Other  investigators  confirm  these  theories  of  Gley  and  von  Cyon. 


6.  The  Suprarenal  Capsules. 

The  suprarenal  capsules,  or  bodies,  are  found  constantly  in  all 
classes  of  vertebrates,  and  seem,  therefore,  to  be  organs  of  funda- 
mental importance.  They  are  two  small  flattened  glandular  bodies, 
of  a  yellowish  color,  situated  at  the  back  part  of  the  abdomen,  be- 
hind the  peritoneum,  and  immediately  in  front  of  the  upper  part 
of  either  kidney. 

On  making  a  perpendicular  section  the  glands  are  seen  to  con- 
sist of  two  substances — external  or  cortical,  and  internal  or  med- 
ullary.   The  former,  which  con- 
stitutes the  chief  part  of  the 
organ,  is  of  a  deep-yellow  color 
and  consists  chiefly  of  narrow  col- 
umnar masses  placed  perpendicu- 
larly to  the  surface.    The  medul- 
lary substance  is  soft,  pulpy,  and 
of  a  dark-brown  or  black  color. 
fAV'^^gP^^g^P^^^^  SMS        Brown-S^juard  stated  in  1856 
W'^^^^i^Si^'^^-^^^^^     ^^^^  extirpation  of  both  supra- 

renals  is  usually  fatal  to  the  ani- 
mal, and  more  rapidly  fatal  than 
the  removal  of  both  kidneys. 
Recent  experiments  seem  to  corroborate  this  statement.  The  fact 
that  in  some  species  of  animals  accessory  supra renals  occur  may 
explain  why  extirpation  is  not  always  fatal. 

On  removal  of  only  one  of  the  bodies  no  noticeable  disturb- 
ances hav(»  been  observed.  After  complete  removal,  with  ulti- 
mately fatal  results,  the  prominent  symptoms  were  :  Extreme 
muscular  weakness,  asthenia,  and,  in  the  case  of  dogs  examined 
during  this  {)erio(l,  a  great  fall  in  the  blood-pressure,  together 
with  a  feeble  heart-beat,  have  been  ascertained.  It  is  worthy  of 
notice  that  in  Addison's  disease  these  symptoms  occur,  together 
with  the  familiar  pigmentation ;  the  explanation  of  these  symp- 
toms is,  however,  still  suh  Jiulicc, 

The  effects  of  injections  of  suprarenal  extracts  in  living  animals, 
on  the  vascular  and  respiratory  organs,  have  recently  been  studied 
by  Oliver  and  Sehaefer,  and  by  Cybulski  and  Szymonowiez. 
Extracts  of  the  medullary  portion  of  the  suprarenals,  injected 
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cortical  substance  of  a  suprarenal  body. 
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into  the  veins  of  an  animal,  caused  pronounced  slowing  of  the 
heart  beat  and  a  large  rise  of  blood-pressure.  If  the  animal  was 
first  given  atropin  to  paralyze  the  inhibitory  nerves  to  the  heart, 
or,  if  the  vagi  were  previously  cut,  the  injection  was  followed 
usually  by  a  marked  quickening  instead  of  slowing  of  the  heart 
beat,  and  by  a  greater  rise  of  blood-pressure.  The  organs  of  res- 
piration were  not  affected  so  seriously.  A  temporary^  slowing  and 
shallowing  of  the  respirations  could  usually  be  noticed.  According 
to  Oliver  and  Schaefer  the  heart  is  influenced  by  the  direct  action 
of  the  extract  upon  the  cardio-inhibitory  center.  The  enormous 
rise  of  blood-pressure  is  due  to  constriction  of  the  arterioles. 

Blood  drawn  from  the  suprarenal  vein  and  injected  into  the 
circulation  of  normal  animals  causes  the  same  symptoms,  though 
less  intense,  as  injection  of  extract,  while  blood  drawn  from  other 
veins  has  no  effect. 

From  the  above  it  seems  certain  that  a  material  formed  by  the 
secretory-  activity  of  the  gland  cells  occurs  normally  in  the  venous 
blood  flowing  from  the  gland.  Probably  it  is  a  normal  product 
of  metabolism  of  the  medullary  cells  of  the  gland,  and  is  secreted 
and  discharged  directly  into  the  blood.  It  must,  therefore,  exert 
continually  a  stimulating  effect  upon  the  heart  and  blood  vessels. 
This  assumption  is  confirmed  by  the  fad  that  after  complete  extirpa- 
tion of  both  glands  the  blood-pressure  is  greatly  depressed. 

The  nonnal  fiuiction  of  the  suprarenal  bodies  consists  in  furnish- 
ing this  stimulating  substance  to  the  blood.  It  is  believed  that 
it<  effects  are  exerted  mainly  on  the  muscular  tissue,  at  any  rate 
it  has  a  general  tonic  or  augmenting  action  on  all  varieties  of  mus- 
cles found  in  the  body,  or  perhaps  the  effect  may  be  on  the  nerve 
centers  controlling  the  muscular  action  rather  than  on  the  tissues 
directly.  It  is  impossible  at  present  to  decide  the  exact  mode  of 
action. 

r.  Hypophysis  Cerebri. 

The  hypophysis  cerebri  (or  pituitiiry  body)  is  a  small  reddish- 
<rniy  mass,  weighing  from  five  to  ten  grains.  It  is  very  vascular 
an(l  consists  of  two  lol)es,  separated  from  one  another  by  a  fibrous 
lamina.  Of  these,  the  anterior  is  the  larger,  of  an  oblong  form 
and  somewhat  concave  behind,  where  it  receives  the  posterior 
lobe,  which  is  round.  The  two  lobes  differ  both  in  origin  and 
structure.  The  anterior  lobe,  of  a  dark,  yellowish-gray  color,  is 
developed  from  the  ectoderm  of  the  buccal  cavity,  and  resembles 
to  a  considcrahlc  extent,  in  microscopic  structure,  the  thyroid 
body.  It  is  thus  a  glandular  structure.  According  to  Haller  it 
cann(»t  l)c  call(Ml  strictly  a  ductless  gland,  since  it  i)ossesses  an 
imperfectly  <lcvclo])cd  system  of  ducts  opening  lx»tween  the  dura 
and  pia  mater.    It  is  evidently  a  secretory  structure,  and  the  fact 
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that  the  ?iecretion  »  discharged  between  the  meningeal  membranes 
?«agge^t9  ?j<>me  «q)ecial  connection  with  the  phvsiology  of  the  brain. 
The  posterior  lobe  i*  developed  by  an  ontgrowth  from  the  an- 
brvonic  brain,  and  dnring  fetal  life  contains  a  cavity  which  com- 
municates thrr>i^h  the  infiindibnlum  with  the  cavity  of  the  third 
ventricle.  It  is  always  ?fmall  and  has  the  appearance  of  a  rudi- 
mentary organ. 

The  clinical  observations  as  to  the  function  of  the  pituitary 
body  have  Ijeen  limited  to  the  glandular  lobe.  In  many  cases  of 
acrrimegalia  this  presents  pathological  changes.  Extracts  of  the 
gland  have  Ijeen  used  in  some  cases  and  some  of  the  disagreeable 
features  have  shown  amelioration.  But  the  evidence  at  hand  is 
not  satisfiictorj'  and  the  nature  of  the  connection  between  acro- 
megalia and  the  functional  disturbance  of  the  h^^'pophysis,  if  any 
exists,  needs  more  complete  investigation. 

Howell  has  made  experiments  with  extracts  of  both  lobes  of  the 
hypophyses  (of  sheep)  separately.  Injections  of  extracts  of  the 
glandular  loF>e  gave  little  or  no  eflFect,  while  injections  of  extracts  of 
the  infundilmlar  tok}^  had  n  (tistinet  and  remarkable  effect  on  the  heart 
rate  and  hUtofI 'pressure,  which  resembles  in  some  respects,  and  differs 
in  others  from  that  of  suprarenal  extracts. 

Extracts  injected  in  normal  animals  with  vagi  intact  caused  a 
pronounced  slowing  of  the  heart  beat,  similar  to  that  from  supra- 
renal extracts,  but  lasting  a  much  longer  time.  The  heart  beats 
were  not  only  slowed,  but  considerably  augmented  in  force. 
The  blf)od-pressurc  rises  to  a  considerable  extent,  owing  ap- 
parently to  the  peripheral  constriction  of  blood  vessels.  If  the 
(Imi  wjis  a  maximal  one,  and  followed  too  quickly  by  a  second  in- 
j(!(rtion,  there  was  little  or  no  effect,  but  if  the  dose  was  not  too 
.strong,  and  sufficient  time  was  allowed  for  the  elfects  to  wear  off, 
they  could  Ik;  rejKrated.  With  each  rcfXitition  the  effects  decrease 
|)rogr<*ssively  in  intensity. 

Authorities  consulted  in  preparation  of  the  section  on  internal 
secretions  : 

I)K.  L.  IfKKMANN.    Lf'hrbiu'h  tier  Physiol.,  8te  Aufl.] 
(iray'H  Anatomy.    (IMiila.,  1887.) 

(JK<iKNiK»\VKH.    Lrhrh.  d.  Aiuit.  d.  MenMchen,  2te  Aufl. 
I'KPI'KK.    Syiitrin  of  Mrd.,  vol.  iii. 

W.  H.  HoWKLL.  Inffrnal  nerretiom,  considered  in  their  physiolotjical, 
patholof/ira/  and  clinical  aspects ;  physiology  of  internal  secret ion.*<.  Tr. 
Coiij^.  Am.  Phys.  and  Sur^.,  N.  Haven,  1897,  iv. 

Katzknstkin.  f'chcr  die  Vcrdndcrungcn  in  der  Schilddrusc  nach  Extir- 
pation dcr  Zufiihrcndm  Xcrrcn.  Arch.  f.  Aniit.  u.  Physiol.,  Leipz., 
1 8117. 

Mi'NCK.  Ziir  Lchrc  ron  dcr  SchilddnUe.  Arch.  f.  Path.  Anat.  (etc.), 
Berlin,  18t)7,  <-l. 

( t K AHKK.  I  'chcr  den  f/cf/cn u  drtif/cn  Stand  dcr  Sch ifddnhcn  fragc.  [Munchen 
nied.  Wohnschr.,  181)7,  xliv. 

The  function  of  the  thyroid  gland,    N.  Y.  Polyelin.,  1897,  ix. 
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Moussu.    Recherches  sur  les  functions  thyroidienne  et  parathyraidienne, 

Rec.  de  M6d.  V6t.    Paris,  1897  ;  8-s.;  iv. 
VON  Lyon.     Berirdge  zur  Physiol,  der  SchilddrUse  und  des  Herzens. 

Arch.  f.  et  ges.  Physiol.    Bonn,  1898,  Ixx.,  etc. 


D.  GHEMIGAL  XNTBODUGTION. 
1.   FUNDAMENTAL  CARBON  COMPOUNDS. 

One  cannot  gain  a  definite  idea  of  the  metabolic  processes  oi 
nutrition  without  knowing  the  chemical  composition  of  the  body 
and  of  foodstuffs,  and  following,  as  closely  as  may  be,  the  chem- 
ical reactions  which  take  place  during  the  processes  of  digestion, 
and  the  processes  of  constructive  and  of  destructive  metabolism. 

The  author  projx)ses  to  summarize  here  a  few  of  the  facts  of 
chemistry  that  may  be  convenient  for  reference  during  the  study 
of  the  succeeding  chapters  on  nutrition. 

The  chemistry  of  the  carbon  compounds  is  the  basis  for  physio- 
logical chemistry. 

The  eomix)unds  of  carbon  with  hydrogen  form  the  basis  for  the 
consideration  of  all  of  the  higher  carbon  compounds. 

The  simplest  compound  of  carbon  and  hydrogen  is  marsh  gas  or 

A  clear  notion  of  the  relations  of  various  compounds  involved 
in  nutrition  can  only  be  gjiined  through  a  study  of  the  structural 
formuhe  of  those  compounds.  Let  us,  therefore,  use  the  structural 
formnhe  as  far  as  possible. 

H 


The  structural  formula  of  methane 


is:  H—L 


-H.    As  these 


H 

live  atoms  nuist  he  conceived  as  occupying 
p()siti*)ns  in  tri-diniensional  space,  we  may 
assume  that  they  are  symmetrically  ar- 
ran<;e(l  with  the  carl)()n  atom  in  the  center. 
That  jT^ivos  us  a  tetrahedron  with  each 
hydrojren  atom  equidistant  from  each 
other  hydroj^(^n  atom.  The  spac(»  relations 
of  tlie  atoms  l)eing  as  yet  largely  con- 
jectural we  will  Ik*  content  with  repre- 
senting; tlie  ni(»U'cnle  on  a  plane  surface. 
All  of  the  liydroiTcn  atoms  are  displaca- 
l)le.  They  may  he  displaced  singly  by 
monads  or  nionivalcnt  radicles,  or  by  two  diads,  etc.,  etc. 

One  I'midanicntal  method  of  combination  of  carlx)n  atoms  is 
throntrji  (lro|)|)ln«j:  two  hydrogen  atoms: 
17 


space  relatioDN  of  the  atoruM  in 
DiftbaDc. 
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H  H  H  H 


H— c— ; 


HH 


—  C— H  or  H— C— C— H  , 


H  H  H  H 

This  compound  is  called  EQiane,  and  may  be  written  C^Hg  or 
CH,-CH,. 

The  third  carbon  compound  in  the  series  is  Propane,  written 
C,H,;  CH,-CH,-CH3or: 

H    H  H 
H  •  C— C— C  •  H  . 
H    H  H 


The  fourth  member  of  the  series  is  Butane:  C^H,, ;  CHj — . 
CH,— CH,— CH,or: 

H  H  H  H 
H  •  C— C— C^C  •  H 
H  H  H  H 


The  series  may  be  continued  through  Pettiane,  Hexane,  Hep- 
tinw,  Octane,  Dodecane  and  Hecdecane,  which  are  called  the  normal 
paraffins. 

If  one  study  the  structural  formula  of  butane,  he  finds  that 
the  same  number  of  atoms  may  be  diffisrently  arranged  and  still 
satisfy  all  of  the  bonds  : 

H 
HCH 

I  " 

HC— CH 

J  " 
HC-H 

H 


The  two  forms  of  butane  which  exist  can  only  he  accounted  tor 
in  this  way.  This  property  of  the  molecule  is  called  Isomerism. 
The  first  butane  is  vormnl  hutniu;  the  second  inohittdne.  As  the 
series  advances  the  possibility  of  isomerism  nij)i(lly  increases. 
Besides  the  normal  pcntane  above  given  there  are :  Inopcntnnc, — 
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H 

H  C-H 
I    H  H 

H  C— C— CH 

I    H  H 
H  C  H 

H 

and  Mesopentane 

H 

H-C-H 
H    I  H 

H  C— C— C  H, 

H    I  H 
H  C  H 

H 

note  that  all  of  these  forms  of  pcntane  have  the  formula  C^H,,.  It 
is  hardly  necessary  to  say  that  this  property  gives  rise  in  the 
higher  carbon  compounds  to  an  almost  interminable  series  of 
combinations. 

Let  us  now  turn  our  attention  to  some  of  the  derivatives  of  the 
series  of  hydrocarbons.  If  one  of  the  atoms  of  hydrogen  be  re- 
movetl  from  CH^  a  monad  radicle  methyl  will  result :  Methyl  ^ 

H 

CHj — ;  irC — .    In  a  similar  way  arise  the  mound  radlclen: 

n 

H  H 

Efhyl  =  CJi^— ;  CH3— CH,—  ;  H  C— C— 

H  H 
H  H  H 

Propyl  =  C.,H.— ;  CH,— CH..— CH,— ;  HC— C— C— , 

H  H  H 

Butyl  =  CJI,—  ;  Peutyl  =  C,H„—  ;  Hexyl  =  C^H^- ;  etc. 

Wlion  one  of  tlic  monad  radicles  takes  the  place  of  one  of  the 
hydrogen  atoms  of  a  molecule  of  wat<'r  an  alcohol  results  : 

^lj^>0  methyl  alcohol. 
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Another  way  of  representing  the  matter  is  to  conceive  one  of 
the  atoms  of  hydrogen  of  the  hydrocarbon  (methane,  ethane,  etc.) 
to  be  exchanged  for  OH  or  hydroxyl  which  may  be  written  : 

H 

CH3  OH  or  H  C  OH. 

H 

In  the  same  way  arises  the  series  of  prinuiry  monatomic  alcohol : 

H  H 

Ethyl  alcohol,— C2H3  OH  ;  CH3— CHpH  ;  H-C— C— OH 

H  H 

Propyl  alcohol— C3H/OH  ;  CH3— CH^— CHpH ;  or: 

H  H  H 
H  C— C— C  OH,  etc. 
H  H  H 

In  the  propyl  alcohol  it  is  evident  that  the  hydroxyl  may  dis- 
place a  hydrogen  from  the  central  carbon  atom  instead  of  one  of 
the  end  atoms  giving  the 

H  H  H 

formula  H'C — C — C-H  or  secondar>'  propyl  alcohol. 
H   6  H 
H 

This  is  the  first  one  of  a  series  of  >fecoiidarif  monaiomic  alcohols. 
Table  showing  the  normal  paraffin  series  with  the  correspond- 
ing radicles  and  primary  monatomic  alcohols  : 


The  Par.\ffin8. 

(teiieral   \  i\\\^iu^i'>r 
Forrauhe  :  |  (('H3)a(— C  H,)n- 


Methane,  (  Ha  H 
Kthane,  CM,— (  H, 
Propane,  (  Ha— (  H,— (  IT, 
Butane,  ('H3(CH,),(.  ll3 
Pentane,  ('H3— iCIIg),— Clla 
Hexaue,  (  Ha— ( (  H, >«— (Ml , 
Ih'ptane.  CH 3— ( C 11 , ) CM  3 
Octane,  CHj— {("Ha)^— ('H3 


KaDU'LKS. 

Cnllau-l  or 

(  Il3-(rH,)„_.Cir,- 

Methvl,  rHj— 
KtUvf,  CHj-C^r,— 
Propyl,  nia— (  Ha— CII-— 
Butvl.CHa— (CHa),— (11,— 
Pcn'tvl,  (  Ha— (Cllaja— (11,— 
lU'Xvl,  Clla— (Clla),— (  Ha— 
Hept V 1 ,  ( ' H 3— ( r  H a )  s— (  H  2- 
Octvf,  (  Hi— (('Ha)WHa— 


Alcohol. 
CnHJu-i  .  OH  or 

CH3  (CHa)u-aCHaOn 

Methvl  alcohol  :  H.('H,  ()H 
Kthvf  alcohol  :  CHa-rHa-OH 
Propyl  alcohol  :  (  lla*— CHa— CH.OH 
Hut yl  alcohol :  CH^— (('Ha»9— rH,OH 
Pentvl  alcohol  :  CH,— (CHa),- CH,OH 
Hrxyl   alccihol:  CH^— ((113)3— CliaOlI 
Hcptyl  alcohol:  ("H.,-((  Ha)ft— C'H.OH 
Octvl'  alcohol:  CH ,—(CHa)«—CII. , OH 
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Any  primary  alcohol  when  oxidized  step  by  step  undergoes  the 
following  change  as  the  first  step : 

Ethyl  alcohol  +  oxygen  =  water  +  ethyl  aldehyde  : 

H  H  H  H 

H  C— C  •  O  H+O:  =  Hp+H  C— C  :  0 

H  ;h  H 

The  second  step  consists  in  the  addition  of  an  oxygen  atom  to 
the  molecule  thus :  ethyl  aldehyde  +  oxygen  =  acetic  acid 
(number  2  in  the  fatty  acid  series). 

H   H  H  OH 

H-C— C:6 =  H  C— 6:0  or  CH3— COOH 
H  H 

The  group  COOH  is  called  the  carboxyl  group. 
Table  showing  the  primary  monatomic  atcohoh  and  the  corre- 
sponding oxidation  products — aldehydes  and  fatty  acids. 


Alcohols.  Aldehydes.  Fatty  Acids. 


rH3-(rn,)o_r/'H,OH        cH3-(ch,)sz:7CH0  1  cH3.(CH,)^::;cooh 

Methvl  alcohol :  H  CH-OII  Methvl  aldehyde :  H  CHO  |  Formic  acid  :  Jl  (  nOH 

Kthyl  alcohol :  C  II 3— CH,  OH  Kthyf  aldehyde  :  CH3—CHO  1  Acetic  acid  :  C*l  ,-i  '  i^iH 

Propyl  alcohol :  1  Propyl  aldehyde  :  Propionic  acid  :  Til  .—  (i^'HtJi— COOH 

rIf3-((  H»),-C  H,.0H         CH3-(CH,),-CHO  Butyric  acid  :'i  l  ir,-(ni,l,-ro<m 

Butvl  alcohol  :  Butvl  aldehyde :  Pentvlic  acid     ('H     (CHsK^roi  HI 

(•|i3-(('H,)a— ClIa  OH  cil3-(ClU)a— CHO  Hexylic  acid  :  (  H,— (CiUl.-HHiH 

Pent yl  alcohol :  Pcntvl  aldehyde  :  Heptvlic  acid  CH.— (CHl>a— COOU 

(  lf3-(('H,^3-rH,  on          Cir3-(CH,),_CH()  Octylic  acid :  (3%-(<&lr^0a^ 
    Nonylic  acid :  €W^€nm}r^Omm 

Higher  normal  fatty  acids  whose  formuhe  may  be  wTitten  from 
the  above  generalized  formula  are  :  10th  Capric  acid,  12th 
Laurie  acid,  14th  Myristic  aeid,  16th  Palmitic,  17th  Margaric, 
1  Stli  Stearie,  20th  Arachnie,  30th  Melissic  acid. 

The  oxidation  of  the  primary  monatomic  alcohols  gives  rise  to  -i 
a  series  of  nldchyden  of  the  monatomic  alcohoh. 

The  oxidation  of  the  secondary  monatomic  alcohols  gives  rise  to 
a  series  of  keiouvs.  The  first  step  in  the  oxidation  may  be  repre- 
sented thus  : 

S(M'oii(larv  projiyl  alcohol  +  O  =  Hj  O  +  ketone  of  secondary 
propyl  aleohol. 

'  G)rres|)()n(UiiK  to  Imtyric  acid  is  isobutyric  acid,  written:  (CHj)- — CH — 
('(M)H  :  jind  corresponding  to  pentvlic  acid  is  its  isomere  valerianic  acid  (CHj), 
— (11— (H,— ('(K)H. 
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H  H  H  H  H 

HC— C— CH  +  0  =  lip  +  H-C— C— CH 
H    6  H  H   O  H 


H 


Note  that  the  ketone  contains  two  methyl  radicals  joined  by 
CO.  Its  chemical  name  is  Dimethyl  ketone.  The  ketone  derived 
from  secondary  butyl  alcohol  has  the  formula :  CH3 — CHg — CO — 
CHj,  and  may  be  called  Mdhylethyl  ketone.  A  further  oxidation 
breaks  up  the  ketone  into  its  elements  yielding  acids  which  con- 
tain fewer  atoms  of  carbon  than  the  secondary  alcohol  from  which 
they  were  derived. 

The  Diatomic  Alcohols  or  Glycols. — ^The  combination  ot  two 
carbon  atoms  in  the  paraffin-ethane  (CH3 — CH3)  may,  under  cer- 
tain conditions,  be  brought  about  with  fewer  than  six  hydrogens, 
yet  all  of  the  bonds  of  carbon  will  be  satisfied.  The  following 
formula  shows  the  structure  of  this  molecule  : 


It  is  called  Ethylene,  has  the  general  formula  C^Hj^.  It  is  also 
called  olejuint  gas,  and  is  the  first  of  a  series  of  Olefines. 

The  second  member  of  the  series  is  Prophylene  with  the  formula 

H     H  H 

CH3  — CH=CH2;    HC  — C=CH.     The  third  member 

H 

of  the  series  is  Butylene  :  CH3  —  CH^  —  CH  =  CH^.  The 
olefines  have  two  bonds  satisfied  in  such  a  way  that  they  may 
readily  be  loosed  from  their  connection  in  the  olefine  and  take  up 
other  monad  atoms  or  radicals.  For  example  in  ethylene  (CH2= 
CHjj)  the  double  bond  which  joins  the  carbons  may  be  conceived  to 


stand  thus:  HC  —  CH,  and  require  union  with  monads.  If 
these  two  bonds  be  satisfied  with  hydroxy  1  we  have : 


H  H 


HC 


=  CH  • 


H  H 


H  H 


HC  — C  H 
O  O 


H 


H 


ethylene  alcohol  or  glycol. 


THE  OXALIC  ACID  SERIES. 
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In  the  same  way  we  may  derive  propylene  alcohol  or  pro- 
pylene glycol : 

H    H  H 

H  C  —  C  — C  H,  or  CH3  —  CHOH  —  CHpH. 
H     6  6 
H  H 

Remember  that  the  oxidation  of  the  primary  monatomic  alcohols 
leads  to  the  formation  of  a  series  of  normal  fatty  acids.  The  oxi- 
dation of  the  primary  diatomic  alcohols  or  primary  glycols  leads 
to  the  formation  of  two  series  of  acids  : 

1.  The  Lactic  Acid  Series. — Ethylene  glycol  +0.^=  HJO  + 
glycollic  acid. 


H    H  ^ 


^  9~"  9  ,^  ,       i  =  H,0+H  CHOH  —  COOH 

—  — 

H    H  O 

In  a  similar  way  lactic  acid  is  derived  from  propylene. 

2.  The  Oxalic  Acid  Series: 

Ethylene  glycol   +202=2H,0+     oxalic  acid. 
CH^OH— CH^OH + 20,= 2H./) + COOH— COOH. 
On  the  next  page  is  a  table  showing  the  Olefines,  the  Primary 
Diatomic  Alcohols,  the  Lactic  Acid  Series  and  Oxalic  Acid  Series 
with  the  general  (a)  quantitative  and  (6)  structural  formulte : 
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The  Triatomic  Alcohols  and  Derivatiyes. 

The  series  of  triatomic  alcohols  begins  with  the  tri-carbon  radi- 
cle propenyl  which  is  derived  from  propane : 

H   H  H 
HC— C— CH  . 
I     I  I 

When  the  three  open  bonds  are  satisfied  with  hydroxyl  we  have 
propenyl  alcohol,  glycerol  or  glycerine  : 

H   H  H 
HC— C— CH  . 
6   6  6 
H   H  H 

Tt  is  evident  that  in  the  propenyl  radical  two  of  the  open  bonds 
may  be  reciprocally  satisfied  giving  rise  to  a  monad  radical  allyl 
and  its  corresponding  alcohol  : 

H   H   H  H   H  H 

H  C=C— C— H  ;  H  C=C— C  H 

I  OH 

Allyl  radical.  Allyl  alcohol. 

The  acid  series  corresponding  to  this  alcohol  is  called  Oleic 
Acid  SericSy  oleic  acid  l)eing  the  xviii  member  of  the  series  which 
begins  with  iii,  acrylic  acid. 

Table  showing  the  Triatomic  Alcohol  series  and  some  of  the 
monad  derivatives  of  the  series,  with  the  generalized  quantitative 
and  (structural)  fonnulte. 


„    TR'ai)  Al(x)hol.  „   ^'ONAD  Oleic  Acid  Sebi KB. 

Hyi)K()(  AKnoN.  Hydrocarbon. 

^'^  (nil,..-.  ('oH,o_,(()H)3  r„H,o_,  CnlI,o_,0, 

(n,irn..>n-4  (II,— (Cn,)D-4         CH3— (CH)-n_4  CH3-(CH,)d-4 

((Haun,         (( in»nt,c'ii,ou       -(CU),— ru,       — (CH),— cxx)!! 

ni.  I'rniKMivl.  (ilvcorol.  Allyl.  Aceyllc  acid. 

n  .(  n:_(  ii_(;h,  h : (  ikhi-ciioh—     h  ch-ch— ch,  h  (  H-ch-cx)oh 

I       I       I         (  11,011  I       CrotoDic  acid. 

rv.        CH,-(CH),COOH 

Oleic  Arid. 

:vni.        CH,-(CH,),4-(CH), 

COOH  orCi.Ha^O, 
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The  tdniiomic  alcohols  begin  with  the  derivative  of  butane  hav- 
ing the  formula : 

H  H  H  H 
HC— C— C— CH- 
I     I     I  I 

When  each  of  these  open  bonds  is  satisfied  we  have  the  tetrad 
alcohol  Erythrol  CH.OH— (CHOH),— CH.OH.  I'he  hexaimaic 
alcohoh  begin  with  mannitol  or  mannite  whose  formula  is  CHjOH — 
(CHOH),— CH.OH. 

Benzole  and  its  Derivatives. 

The  carbon  compounds  thus  far  considered  are  arranged  with 
the  carbon  atoms  forming  a  chain.  There  is  some  departure  from 
thia  rule  in  the  isomeres  of  the  fundamental  compounds,  but  the 
"chain-type"  is  dominant.  In  benzole  and  its  derivatives  we 
have  a  radical  departure  from  this  type  in  the  "  ring-type." 

H 

C 

HC  OH 
Benzole  '  i 

HC  C-H 

C 
H 

Note  that  the  four  bonds  of  the  carbon  atoms  are  reciprocally 
satisfied  as  indicated,  the  particular  location  of  the  double  bond 
being,  of  course,  conventional.  Note  also  that  this  hydrocarbon 
has  a  much  larger  proportion  of  carbon  than  is  the  case  in  the 
chain-type  of  hydrocarbons.  The  hydrogen  atoms  are  displaca- 
ble  by  monads  or  monad  radicals,  thus  giving  rise  to  a  long 
series  of  Benzole  (hrivafives  or  "  Aromatic  compounds."  Phenol, 
Carbolic  acid,  Phenyl-hydroxide  or  hydroxy  benzole  has  the  fol- 
lowing formula  : 

OH 

b 

HC  CH 
HC  (-H 


C 
H 
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If  two  of  the  H's  be  displaced  by  hydroxy!  the  relative  posi- 
tion of  these  two  hydroxyls  is  not  a  matter  of  indifference ;  if 
they  are  adjacent  to  each  other,  thus : 

COH 
HC*  »COH 
H.Cj  sCH 

CH 

it  is  called  orf/*o-dihydroxybenzole  (catechol). 

If  the  two  hydroxyls  are  not  adjacent,  but  occupy  the  positions 
1*3  or  1*5  the  compound  is  called  nw<a-dihydroxybenzole  (resor- 
cinol).  If  the  radicles  are  symmetrically  opposite,  as  at  position 
1'4,  the  compound  is  a  ^K/ra-compound,  in  this  case,  jmra-dihy- 
droxybenzole  (quinol  or  hydroquinone). 

A  few  example  will  show  the  general  structure  of  the  bodies. 

(1)  Orthohydroxy  benzoic  or  salicylic  acid 

COH 

O 

HC     C— COH 
HC  CH 
CH 

or  C,H;OH— COOH. 

(2)  Para-etliyl-phenol  or  p-hydroxyphcnyl  ethyl : 

COH 
H.C  CH 
HC  CH 

C 

I  H 
HC— CH 

H  H 

or  cvn.oH— CJI, 

Parii-Iiydroxyplicnyl-a-amido-propionic  acid  or  Tyrosin  : 
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H  NH, 
HC— C— COH 

I    H  O 
C 

HC  C— H 

Il  i 
H.C  (>H 

C 

OH 

or  C,H,  OH— CHj— CHNHj— CXX)H. 

2.   THE  OARBOHYDBATES. 
a.   Olycoses  or  Honsaccharids. 

This  most  important  class  of  organic  compoumls  includes  vari- 
ous aldehydes,  ketones  of  the  higher  alcohols  beginning  with  the 
triatomic  propenyl  alcohol  or  glycerol : 

Glycerol  +  oxygen  =  water  +  glycerose, 

2  [CH,OH  —  CHOH  —  CHpH]  +0,  = 

9W  n  J-  /  CHjOH  —  CHOH  —  CHO,  aldehyde  of  glycerol. 
^"■2"^+  j  CHjOH  — CO  — CHpH,  ketone  of  glycerol. 

The  aldehydes  in  the  carbohydrate  series  are  called  Aldoses, 
while  the  ketones  are  called  Ketoses.  Having  three  carbon  atoms 
they  are  called  Triases.  The  glycoses  include  triosis,  tetroses, 
pentroses,  hexoses,  heptoses,  octoses  and  nonoses. 

(a)  Triases, — Ex.  Glycerose  a  mixed  aldose  and  ketose  (C^HjOj). 

(/9)  Tetrase, — Ex.  Erythrose  which  is  the  aldose  of  erythrol, 
and  has  the  formula  : 

CH.OH— CHOH— CHOH— CHO  ;  or  C,H,0^. 

(;■)  PcntoKc  — Ex.  Xy/ouc  and  Arabinose  both  having  the  for- 
mula  (C,H,„0,). 

{S)  H(\voHe>i  or  Glucones  represent  aldoses  and  ketoses  of  the 
hexatoniic  alcohols  mannitol,  dulcitol  and  sorbitol. 

(i)  Dextrose  ;  d-glucose,  grape-sugar,  is  the  aldose  of  sorbitol: 
CH,OH— (CHOH),— CHO,  or  C.HjP,.  Destrose  is  a  sweet, 
crystalline  substance,  whose  solutions  rotate  polarized  light  to  the 
right,  /.  r.,  dextro-rotary. 

(ii)  LevuloHey  d-Fructose,  Fruit-sugar,  is  the  ketose  of  man- 
nitol :  CH20H(CHOH)3— CO— CHpH.  This  sugar  occurs  in 
honey  and  in  many  fruits. 


SUCROSES  OR  DISACCHARIDS. 
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(ill)  Gdladose,  or  d-galactose  is  the  aldose  of  dulcitol. 
(iv)  Mannose  is  the  aldose  of  mannitol. 

The  hexoses  or  glucoses  are  incomparably  more  important  than 
any  of  the  other  glycoses. 


h.  Sucroses  or  Disaccharids. 

These  are  double-grouped  sugars  which  represent  a  combination  of 
two  hexose  groups  minus  a  molecule  of  water.  The  following  for- 
mula represents  what  takes  place  in  the  molecule  in  the  formation 
of  saccharose. 

(a)  Saccharose  or  Cane  Sugar. 


H    H  H 

HC— C— C— C 

O  O  6  H 
H    H  H 


OH  .O 

-C— CH 

() 

H 
H 


dextrose 

I 

plus 


H 

II  H   H  O   O  b 
H  C— C— C— C— C— C  H  levulose 
OH  OH  OH  H  H 


—  HjO  =  Saccharose. 


(It)  La(Tx>se  is  likewise  composed  of  a  galactose  group  with 
a  dextrose  group  dehydrate<l. 


H    H    OH  OH  H  O 
UV—V—V—C—iC-C—H 


OH  OH  H  H 


O 
H 
II 


>  —  H.JO  =  Lactose. 


Galactose 
phis 

5  (  )  OH  OH  OH  OH  O 

Dextrose:  HC— C^— (^_C— CH 
II   H    H  li  H 


(r)  Maltosi:  is  an  end  product  of  the  action  of  amylolytic  fer- 
ments u])on  starch,  the  hydrolysis  of  the  starch  molecule  being 
etlrcto(l  Ix  fori'  its  cleavage  into  maltose  and  a  dextrine.  The  dex- 
trine is  in  turn  subjected  to  hydrolytic  cleavajre  resulting  in  mal- 
tose and  another  dextrine.  The  structure  of  the  maltose  mole- 
cule lias  not  l)een  sufficiently  fully  studied  to  present  here.  Its 
(juantitative  lornuda  is  C,.jr„()^,.  In  common  with  dextrine, 
lactose  and  fructose  it  reduces  Fchling\s  solution. 
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c.  The  Polysaccharids  or  Axnyloses. 

To  this  class  of  carbohydrates  belong  the  starches,  guim,  dex-  , 
trines  and  cellulose.     The  molecular  constitution  is  unknown. 
The  members  of  the  class  have  in  common  the  general  formula 
(CgHj^Og)^.    To  the  quantity  n  various  values  have  been  assigned. 


Carbohydrates. 


MonoBaccharids, 
or  Glycoses. 


Trioses :  Grlycero»e. 
Tetroees :  Erythrose. 
Pentoses :  Xylose,  Arabinose. 


{Dextrose,  or  Grape-sugnr. 
Levulose,  Fructose,  or  Fruit-sugar. 
Galactose. 
Man  nose. 


{Saccharose. 
I^tose. 
Maltose. 
Isomaltose. 


Poly.HacchnidH,  or 
'Amy  loses. 


The  Dextrines. 


{Auiylo-Dextrinc. 
Erythro-Dextrine. 
Acnroddextrine  a. 
AchroOdextrine  fi. 


The  Gums  :   Gum  arable,  etc. 

The  Starches  :   Vegetable  starch  ;  glycogen. 

Cellulose. 


3.  THE  FATS. 

In  our  review  of  the  fundamental  carbon  compounds  we  have 
found  a  series  of  normal  fatty  acids  which  are  derived  from  the 
monatomic  alcohols.  These  fatty  acids  have  the  genend  struc- 
tural formula : 

CH  _(CH.)„_,— COOH.  The  16th  member  of  this  series  is 
Palmitic  acid,'  which  has  the  formula  CHg— (CH^)^  — CO()H. 
Propenyl  alcohol  or  glycerol  is  the  first  member  of  the  series  of 
triatomic  alcohols  and  has  the  formula  :  CH^OH — CHOH — 
CHpH  or  C,H,(OH),. 

When  these  two  bodies  are  brought  together  under  projxjr  con- 
ditions there  is  a  combination  of  one  molecule  of  glycerol  with 
three  molecules  of  the  fatty  acid  to  form  one  molecule  of  Pabnitin 
or  Tripahnitin,  one  of  the  common  fats  : 

'    CH3(CH,),,— COO  H    HO  — CH,^ 

,  CH,— (CH^),,— COO  H    HO  — /^H  , 

(  H  _(CH.,),,— COO-H    HO  — ('n^  J 
=:^H,()+ [CIl3-(CHJ, -COO]3-C3lI,. 


3  Palmitic  acid  -|-  jiflycerol  =  water  -|-  Palmitin  or  Tripalmitin. 


THE  PROTEIDS. 
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In  a  similar  way  Stearin  or  Trustearin  is  formed  from  three 
molecules  of  stearic  acid  and  glycerol,  and  has  the  formula : 
[CH3  -  (CH,),.  -  COO]  3  -  C,H,. 

Olein  is  a  similar  combination  of  three  molecules  of  oleic  acid 
(which  is  the  18th  member  of  the  oleic  acid  series,  derived  from 
the  triatomic  alcohols),  and  has  the  formula:  [CH3  —  (CHj),^  — 
(CH),  —  CXX)]  3  —  C3H,  or  (C,«H330,)3  —  C3H,.  Palmitin,  stearin 
and  olein  are  the  fats  which  are  deposited  in  the  adipose  tissue  of 
the  animal  body.  Palmitin  has  a  melting  point  of  45 °C.,  stearin, 
53°-66°C.;  olein,  0°C.  The  animal  fats  are  mixtures  of  these 
three  constituents  in  various  proportions  peculiar  to  each  species 
of  animal. 

The  melting  point  of  a  mixture  is  the  proportional  average  for 
the  fats  which  compose  the  mixture.  Both  palmitin  and  stearin 
have  a  melting  point  above  animal  temperature.  The  fat  of  the 
animal  body  is  always  in  a  fluid  state  during  life.  The  mixture 
of  the  three  constituents  must  include  sufficient  olein  to  insure  the 
fluidity  of  the  fat  at  body  temperature.  But  the  melting  point  of 
the  fat  of  different  animals  varies  through  a  wider  range  than 
does  the  temperature  of  the  animals.  Certain  of  the  chemical  re- 
actions of  fats  will  be  discussed  in  connection  with  their  digestion 
and  metabolism. 

4.  THE  PBOTEIDS. 

The  term  proteids  is  a  general  one  which  includes  a  class  of 
compounds  of  which  egg-albumin,  serum-albumin,  haemoglobin 
and  fibrin  may  serve  as  examples.  Though  any  of  these  may 
serve  as  animal  food  in  common  with  the  carbohydrates  and  the 
fats,  they  stand  much  nearer  to  living  protoplasm  than  do  carbo- 
hydrates and  fats. 

In  fact  the  living  matter  which  we  call  protoplasm  and  which 
l)()ssosscs  the  marvelous  power  of  liberating  the  energy  which  we 
call  life,  if  dei)rived  of  life  and  subjected  to  chemical  analysis,  is 
shown  to  be  only  a  mixture  of  proteids,  together  with  various 
sni)stan(rs  which  may  represent  foodstuffs,  in  various  stages  of 
anal)olisni  or  cleavage  products  of  protoplasm  in  various  stages  of 
katabolisni.  Just  what  changi^s  take  place  between  the  departure 
of  life  and  the  resolution  of  the  protoplasm  into  the  various  com- 
pounds just  referred  to,  it  is  imjK)Ssible  to  say.  Of  the  various 
foodstuffs  and  katabolites  found  in  protoplasm  it  is  likely  that 
all  or  nearly  all  are  purely  incidental  to  the  life  processes  and 
that  the  matter  which  actually  possesses  life,  1.  the  true  pro- 
to|)Iasrn,  is  a  sul)stanee  (juite  like  the  simple  proteids  chemically. 

The  eheniistrv  of  the  proteids  is  still  a  collection  of  facts 
which  fail  to  reveal  the  (juantitative  formula,  much  less  the  struc- 
ture of  the  molecule.    The  most  trustworthy  analysis  of  egg- 
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albumin   is   that  of  Franz  Hofmeister  (Zeitseh.  fur  physioL 
Chemie,  Bd.  16,  1892)  which  resulted  in  the  following  formula: 
Egg-albumin  =  C^o^Hg^^N.^O^S^. 

Though  the  molecular  formula  for  egg-albumin  may  be  modi- 
fied by  subsequent  investigations  it  serves  to  indicate:  (1)  That 
typical  proteids  contain  C,  H,  O,  N,  and  S,  (2)  that  typical  pro- 
teids  are  made  up  of  exceedingly  large  and  complex  molecules. 

Besides  the  elements  above  enumerated  some  of  the  proteids 
(nucleo-proteids)  contain  phosphorus  and  some  (chromo-proteids) 
contain  iran. 

The  indiffusibility  of  most  of  the  proteids  may  be  due  to  the 
great  size  of  the  molecule. 

The  proteids  are  necessary  constituents  of  animal  foods.  There 
is  a  certain  minimum  proteid  requirement  for  every  animal.  If 
the  food  contain  less  than  that  the  animal  must  die  of  malnutri- 
tion. On  the  other  hand  carbohydrates  or  fats  or  both  of  these 
may  be  withheld  from  an  animal  and  no  serious  result  will  follow. 

The  reasons  for  these  facts  will  be  given  later.  The  facts  are 
mentioned  here  to  impress  the  student  with  the  great  importance 
of  the  proteids  in  nutrition. 

Certain  chemical  characteristics  of  the  proteids  will  be  mentioned 
in  connection  with  their  classification. 

CLASSIFICATION  OF  PBOTEIDS. 
a.  Simple  Proteids. 

1.  Albumins. — Soluble  in  water ;  and  in  a  saturated  solution  of 
MgSO^  or  NaCl ;  insoluble  in  a  saturated  solution  of  (XH^)2SO^. 
The  albumins  are  coagulated  by  moderate  heat,  63^  to  75°  C.,  and 
respond  typically  to  the  xanthoproteic  test,  Millon's  reagent  and 
other  general  proteid  tests.  The  following  native  albumins  may 
be  given,  (i)  Egg-albuminy  precipitated  by  ether  (Halliburton), 
(ii)  Herum-aUminin,  not  precipitated  by  ether  (Halliburton).  It 
is  the  principal  proteid  constituent  of  bl(X)d  plasma,  (iii)  iMcfo- 
albumin  is  one  of  the  proteid  constituents  of  milk.  When  milk  is 
boiled  the  lacto-albuniin  coagulates  and  collects  upon  the  surface 
in  a  thin  membrane,  (iv)  Mj/o-aihumln  is  one  of  the  proteids  of 
muscle-tissue,  (v)  Viyctdhle  albumin^  of  which  there  may  be 
several  kinds. 

2.  Qlobulins. — Insoluble  in  water,  in  saturated  solutions  of 
MgSO,,  NaCl,  and  (NHJ.,SO, ;  but  soluble  in  dilute  XaCl  solu- 
tion :  (i)  Serum-globulin,  one  of  the  proteids  of  blood-plasma  and 
of  lymph,  (il)  Fibrinogen  is  the  plasma  or  lyniph-proteid  which 
is  coagulated  or  precipitated  under  the  influence  of  fibrin  ferment 
and  the  calcium  salts.  The  coagulated  form  probably  somewhat 
modified  chemically  is  called  fibrin,    (lll)  Mi/osinogen,  the  prin- 
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cipal  proteid  of  living  muscles.  It  coagulates  after  death  and  is 
in  its  modified  form  called  myosin,  {iw)  3Iyo^lobijUin,  associated 
with  myosinogen  in  the  composition  of  muscle-tissue,  (v)  Globing 
one  of  the  constituents  of  haemoglobin.  Vegetable  glcbulin, 

there  are  probably  several  forms. 

b.  Combined  Proteids. 

1.  Nucleo- Proteids. — These  bodies  are  native  compounds  of 
nuclein  with  proteid.  The  nuclein  contains  phosphorus,  hence  all 
nucleo-proteids  contain  phosphorus,  most  of  them  contain  iron,  (i) 
Casein,  the  principal  proteid  of  milk.  In  the  non-coagulated  con- 
dition it  is  usually  called  caseinogen.  (ii)  Mtellin,  the  principal 
proteid  of  egg-yolk,  (iii)  Nuclein,  or  ceU-nuclein,  the  chief  pro- 
teid of  the  nuclei  of  animal  and  vegetable  cells. 

2.  Chromo-Proteids  are  native  compounds  of  a  proteid  with 
an  animal  pigment :  (i)  Hannoglobin,  globin  with  hsematin  in  a 
true  chemical  combination.  The  pigment  is  hsematin  which  con- 
tains iron.  (ii)  HistO'hamiatiny  tissue  hsematin  especially  the 
hsematin  of  muscle  tissue,  also  called  myo-hsematin. 

e.  Derived  Proteids. 

To  this  class  belong  all  of  those  modified  proteids  which  are  de- 
rived from  native  or  combined  proteids  by  physiological  processes. 

1.  Albuminates. — These  bodies  are  derived  from  the  native 
proteids  through  the  action  of  an  acid  or  alkali,  (i)  Acid- 
nibuminy  formed  in  the  j^tomach  by  the  action  of  HCl  or  other 
acid  upon  albumin.  Syntonin  is  a  corresponding  variation  of 
myosin,  (ii)  Alk(i/i-(fibiimin,  formed  in  the  small  intestine  by 
the  action  of  the  alkaline  pancreatic  juice  upon  the  native  proteids 
of  the  foods. 

2.  Proteoses  and  Peptones. — These  substances  are  derived 
from  native  proteids,  or  from  albuminates  by  hydrolysis,  prob- 
ably by  a  hydrolytic  cleavjige  of  proteids  especially  of  the  al- 
buminate derivatives  of  native  proteids. 

fL  Albuminoids. 

These  substances  are  closely  related  chemically  to  the  other 
proteids  and  are  derived  from  the  native  proteids  by  metabolic 

processes. 

1.  Native  Albuminoids. — These  include  those  albuminoids 
which  exist  normally  in  the  animal  body,  (i)  Collagen,  The 
substance  of  which  white  fibrous  connective  tissue  is  composed. 
It  is  also  a  constituent  of  bone  and  of  cartilage,  (ii)  Elastin, 
The  sul)stan('e  of  which  yellow,  elastic  fil)ers  of  connective  tissue 
is  lornied.  (ill)  Mucin,  The  chief  constituent  of  the  secretion 
18 
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of  mucous  glands  and  an  important  constituent  of  the  secretion  of 
all  of  the  digestive  glands.  It  is  a  combination  of  a  proteid  with 
a  carbohydrate  and  has  been  classified  among  the  combined  pro- 
teids  as  a  glyco-proteid.  iw)  Keratin.  The  homy  material  which 
is  characteristic  of  the  corneous  layer  of  the  epidermis,  of  nails, 
hair,  horns,  hoofs  and  feathers.  Keratin  has  a  much  larger  pro- 
portion of  sulphur  than  other  proteids  have.  Xeuro-keratin  is 
found  in  the  medullar}'  sheath  of  nerves. 

2.  Derived  Albuminoids. — This  class  contains  one  example 
namely :  (i)  Gehttin,  which  is  derived  from  collagen  by  hydration. 
It  is  an  artificial  pnxluet  and  is  prepared  by  long  boiling  of  any 
of  the  connective  tissues  of  the  animal  body.  The  collagen  at  first 
insoluble,  becomes  hydrated  and  soluble  gelatin,  which  on  cooling 
sets  into  a  jelly.  When  the  excess  of  water  evaporates  the  mass 
is  amorphous  and  vitreoas.  It  is  soluble  in  hot  water,  indiffusi- 
ble,  gives  most  of  the  general  proteid  reaction  and  what  is  of  great 
importance  is  fUga^ible.  It  follows  the  general  course  of  pn>teid 
digestion  and  is  abs^^rbed  as  gelatin-peptone.  This  gelatin-pep- 
tone can  be  katabolized  in  the  tissues  but  it  can  not  be  built  up 
into  tissue  pnjtoplasm.  Its  im[>ortance  in  nutrition  will  be  dis- 
cussed under  metabolism. 

Protenoid  Substances. 

Enzjrmes. — The  origin  and  the  behavior  of  unorganize<l  fer- 
ments leave  little  doubt  that  they  are  of  the  nature  of  proteids, 
{lerhaps  typical  proteids.  Among  the  unorganized  ferments 
may  Ixi  mentioned:  (i)  Thrombin;  (ii)  rennin  ;  (iii)  ptyalin  ; 

pepsin  ;  (v)  trypsin  ;  (vi)  amylopsin  ;  (Vli)  steapsin  ;  (viii) 
invertin. 

5.  FEBMENTS  AND  ENZYMES. 

a.  Ferments  in  Oeneral. 

Every  living  cell  has  the  power  to  cause  chemical  reactions. 
KotkI  materials  are  absorbed  l)y  the  cell  and  are  either  first  built 
up  into  protoplasm  by  a  series  of  analKjlic  reactions,  to  be  later 
subje<-ted  to  a  series  kataV)olie  reactions,  or  directly  subjecterl 
to  katabolisni.  A  tissue  cell  of  a  complex  orp^anism  selects  from 
the  ti^>ue  plasma  wliieli  surrounds  the  cell,  the  materials  which 
are  to  enter  the  -cries  of  metalK>lic  ehan<rcs.  A  unicellular  organ- 
ism S4.'lects  the  materials  from  the  liquid  or  other  medium  which 
imm^Kliat<*ly  surrounds  it.  The  materials  so  >clected  may  be 
called  the  cell-f<KMl>.  The  fornl-  selected  l)y  difVerent  one-celled 
organisms  are  as  riiflen-nt  a>  the  heredity  and  environment  of  the 
orgijnisms. 

Whether  or  not  thr-  f<K>d  mu-t  be  built  up  intolivin<j:  protoplasm 
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before  it  can  be  broken  up  into  simpler  bodies  is  still  a  matter  of 
controversy.  There  is  no  doubt,  however,  that  sooner  or  later  all 
of  the  material  absorbed  by  the  living  cell  must  be  katabolized  or 
broken  up  into  simpler  compounds. 

After  a  certain  number  of  kataboHc  changes  the  organism  seems 
to  have  exhausted  the  energy  of  the  material  as  far  as  it  is  capable 
of  doing  so.  The  final  products  of  the  katabolism  (katabolites) 
are  useless  to  the  organism  and  are  rejected  (excreted).  Among 
the  katabolites  are  :    CO,,  H,0,  XH3,  CH,,  H„  H^S. 

These  all  represent  compounds  or  elements  whose  energy  is 
practically  exhausted.  There  are  many  cell  katabolites  which 
are  more  or  less  complex  and  represent  much  energj- :  Sugar, 
Alcohol,  Acetic  Acid,  Butyric,  etc.,  etc. 

Among  the  above  mentioned  katabolites  are  several  which  are 
gaseous.  If  these  gjiseous  materials  are  given  off  in  sufficient 
([uantities  they  escape  in  bubbles.  If  the  unicellular  organism, 
e.  f/.y  the  yeast  cell,  is  living  in  nutrient  fluid  containing  sugar 
— dextrose — it  will  take  up  the  sugar,  and  will  excrete  alcohol  and 
CO,.  The  CO,  escapes  in  gaseous  form.  The  observation  of  this 
phenomenon  gave  rise  to  the  term  fermentation.  The  organism 
which  causes  the  fermentation  is  called  a  ferment.  In  the  light 
of  the  chapters  on  general  or  cellular  physiology  and  of  the  intro- 
ductory statements  above  it  must  be  evident  thvit  fermentation  w  a 
phase  of  eelfular  nutrition.  The  term  has  been  extended  to  include 
(ill  of  those  phases  of  the  nutrition  of  unieellular  organimnti  which  i«- 
volre  the  consumption  of  complex  substances  and  the  excretion  of  sim- 
pier  ones.  The  term /Vrww'?i^  is  applied  to  all  the  unicellular  orgiin- 
isnis  which  cnuii^e  ferment ive  or  putrefactire  changes.  As  examples 
of  these  organisms  one  may  enumerate  :  (i)  The  yeast  plant, 
S(fcch(iroini/cri<  cerevii<l(r\  which  consumes  sugar  and  excretes  alcohol 
and  CO,.  (11)  The  Bacterium  lactis  which  consumes  milk-sugar 
and  water  and  excretes  lactic  acid  (C,2H^J),,-|-H,()=  4  CgH^O,. 
(ill)  The  Mt/rodermi  aceti^  which  consumes  alcohol  andoxvgen  and 
excretes  acetic  acid  (( ',H,(  )-|-(  )=H,0-|-(UI .OJ-  ( ^^')  Pasteur's 
Ferment  urn  hutricuin,  one  of  the  vibrioncs,  which  consumes  lactic 
acid,  malic  acid,  tartaric  acid,  or  mucic  acid  and  excretes  butyric 
acid,  with  a  ('oinl)ination  of  various  acconij)animents  (CO^,  H^O, 
n„  or  afctic  acid)  according  to  the  food  consumed,  (v)  The 
V}hri(ts  which  consmne  proteid  matter  and  produce  in  a  liquid 
containing  it  what  is  known  as  putrid  fermentation  or  putrefaction, 
Ani(»n«r  the  excreta  may  Ik*  enumeratwl :  Lcucin,  ty rosin,  for- 
mic, jicetic,  |)ro|)rionic,  butyric,  valerianic,  caproic  and  capr\'lic 
acids;  annnonia,  ethvlamine,  propylamine,  trimethvlamine,  CO,, 
n>,  II  an<l  N.        '  '  " 

All  <»f  the  ferments  enumerated  al>ove  arc*  micro-organisms; 
the  >acchan»myces  hein*^  a  unicellular  fungus  and  the  remaining 


276 


DIGESTION:  INTRODUCTION. 


examples  being  bacteria.  These  organisms,  though  perhaps  less 
sensitive  to  variations  in  the  supply  of  oxygen  than  most  living 
things,  nevertheless  are  much  influenced  in  their  activities  by 
the  presence  of  free  oxygen.  The  subject  was  most  exhaustively 
studied  by  Pasteur.  Summing  up  his  studies  Pasteur  said  (Comp. 
Rend,  de  1'  Acad,  des  Sci.,  Vol.  75,  p.  784) :  "  The  weight  of 
yeast  which  is  produced  under  these  conditions  (t.  e.,  in  the  pres- 
ence of  free  oxygen  gas)  during  the  decomposition  of  sugar  in- 
creases progressively,  and  approaches  the  weight  of  the  decom- 
posed sugar,  in  exact  proportion  as  its  life  goes  on  in  the  presence 
of  increasing  quantities  of  free  oxygen  gas.^  Guided  by  these 
facts  I  have  been  gradually  led  to  look  upon  fermentation  as  a 
necessary  consequence  of  the  manifestation  of  life  when  that  life 
goes  on  without  the  direct  combustion  due  to  free  oxygen.  We 
may  see  as  a  consequence  of  this  theory  that  every  organism,  evety 
cell  which  lives  or  continues  its  life  without  making  use  of  atmosphenc 
air,  or  which  uses  it  in  quantities  insufficient  for  the  whole  of  the 
phenomena  of  its  own  nutrition  must  possess  the  cliaraderistics  of  a 
fermeivt  with  regard  to  the  substance  which  is  the  source  of  its  total  or 
complemental  heat,^^ 

Thus  saccharomyces  supplements  the  energy  liberated  through 
oxidation  of  its  own  tissues  with  free  atmospheric  oxygen,  by 
energy  liberated  through  katabolism  of  sugar.  Some  organisms, 
notably  the  vibriones,  dispense  with  atmospheric  oxygen  alto- 
gether, carrying  on  all  their  life  activities  with  the  energy 
liberated  through  the  katabolism  of  protcids. 

6.  Enzymes. 

In  our  discussion  of  ferments  we  have  mentioned  only  elemen- 
tary unicellular  organisms.  In  every  case  the  organisms  recog- 
nized as  ferments  live  in  a  fluid  or  semifluid  medium.  Their 
pabulum  is  readily  absorbable  l)y  the  organism.  We  come  now, 
however,  to  the  consideration  of  Nature's  method  of  adaptation  to 
new  conditions.  In  a  grain  of  corn  or  barley  the  embrvo  plant  is 
imbedded  in  a  (juantity  of  starch  stored  up  l)y  the  j)arent  plant 
for  the  nourishment  of  the  j^rminating  plantlet.  Though  the 
food  supply  surrounds  the  eml)ryo  it  is  an  insohible  and  unab- 
sorbablc  solid. 

How  is  it  to  1x3  made  soluble  and  absorbable?  The  or/Is  of  the 
emhrjfo  secrete  cUaJitfhse  which  brings  about  the  hi/dro/ysis  or  hydro- 
lytic  elearoge  of  the  stareh  nio/ecules  changing  them  to  dextrose  which 
is  soluble  and  (djsorbable.  The  plant  kingdom  abounds  in  similar 
examples.    Diastase  and  similar  substances  are  called  ferments  or 

***In  fermentation  without  oxygen,  the  ratio  hetween  the  sugar  <lm)njposed, 
and  the  yeast  formed,  is  from  (>()  or  80  to  1,  while  in  fermentation  in  the  presence 
of  oxygen  it  is  only  4  or  10  to  1." 
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Enzymes.  It  is  not  alive  ;  it  is  not  organized,  and  has,  therefore, 
been  called  an  unorganized  fennent.  The  distinction  between  an 
organized  and  an  unorganized  ferment,  or  between  a  ferment  or- 
ganism and  an  enzyme,  may  be  more  apparent  than  real.  It  is 
most  probable  that  the  distinction  is  simply  one  of  location  of  the 
reaction,  /.  e.,  (i)  intra-ceUular  fermentation  caused  by  an  enzyme 
upon  absorbed  substances;  (ii)  extra-cellular  fermentation  caused 
by  an  enzyme  upon  unabsorbed,  unabsorbable  substances. 

But  animal  cells  produce  enzymes  also.  When  solid  food  is 
taken  into  the  alimentary  tract  it  may  be  insoluble  and  unab- 
sorbable, as  is  the  case,  for  example,  with  starch  and  lean  meat. 
Unless  these  foods  be  rendered  soluble  they  will  be  useless  to 
the  organism.  Specialized  cells  along  the  alimentary  canal  secrete 
enzymes  which  bring  about  the  hydrolytic  cleavage  of  the  food-mole- 
cules changing  them  to  forms  which  are  soluble  and  absorbable.  The 
specialized  cells  in  question  do  not  absorb  the  products  of  fer- 
mentation (digestion).  Other  cells  and  specialized  tissues  absorb 
the  nutriment  which  is  distributed  throughout  the  organism  by 
still  other  organs  and  tissues.  The  cells  which  secreted  the 
enzyme  finally  receive  their  sustenance  from  the  common  treasury 
— the  blood. 

Enzymes  may  be  classified  as  follows  : 

1.  Amylolytic  Enzjrmes. — Diastase,  Ptyalin,  Amylopsin,  which 
change  starch  to  maltose  or  dextrose,  dextrine  being  an  inter- 
mediate substance.  The  ultimate  change  wrought  in  the  starch 
may  be  summed  up  in  the  following  equations :  (C^J1^qO^)^+ 
nH/)  =  nCgHj^,0^,    dextrose   or    in   the  following   equation : 

(C,H,A)„+2H,0=2C„H,0,„ 
Starch  +  water  =  maltose. 

The  ste}):^  of  this  process  have  been  studied  by  numerous  inves- 
tigators. Neumeister's  results  will  be  given  later  under  salivary 
digestion.  The  steps  of  the  process  for  ptyalin  or  amylopsin  are 
probably,  in  a  general  way,  typical  of  all  enzyme  action. 

'2.  Inverting  Enzjnnes. — The  Invcrtin  which  the  yeast  plant 
secrctos  lor  splitting  cane-sugar  into  dextrose  and  levulose  may 
hi}  citetl  as  an  example.  A  similar  enzyme,  secreted  in  the  small 
intestine,  changes  cane-sugar  and  maltose  to  dextrose. 

.*>.  Proteolytic  Enzjnnes. — The  Pepsi n,  secreted  in  the  stomach, 
and  the  '////yAs///,  secreted  by  the  pancreas,  represent  this  class. 
They  act  npon  ]>rot('i(ls,  converting  them  into  peptones  through 
s<'V('ral  intermediate  stej)s. 

4.  Fat-splitting  Enzjnnes. — An  example  of  this  is  the  Steajjsin 
oi'  the  })an('reatic  juice.    It  acts  upon  fat  causing  each  molecule  to 
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take  up  three  molecules  of  water  and  split  into  three  molecules  of 
fatty  acid  and  one  molecule  of  glycerine. 

5.  Coagulating  Enzymes.— Such  as  Renmn  and  Thrombin, 
the  first  precipitating  caseinogen  as  casein  and  the  second  precipi- 
tating fibrinogen  as  fibrin.  Note  the  radical  difference  between 
the  first  four  classes  and  the  last  class.  The  first  four  classes 
change  insoluble  substances  to  soluble  ones ;  the  fifth  class 
changes  soluble  substances  to  insoluble  ones. 

c.  Conditions  of  the  Activity  of  Ferments  and  Enzymes. 

(a)  The  Optimum  Temperature  is  35°  C.  to  40°  C,  while 
the  maximum  is  l)elow  the  boiling  point,  the  enzymes  being  de- 
stroyed by  boiling.  The  action  of  enzymes  is  progressively  less 
as  the  temperature  falls  from  the  optimum,  being  completely  sus- 
pended by  a  zero  temperature. 

(/>)  The  Enzyme  is  not  Quantitatively  Involved  in 
THE  Reaction  which  it  causes.  The  quantitative  relations  be- 
tween AgCl  precipitated  from  a  solution  of  chlorides  by  a  certain 
amount  of  AgXOg  is  definite  and  unvarying.  Time  is  not  a  factor 
in  the  amount  of  AgCl  thrown  down.  An  enzyme,  however,  can 
work  a  greater  change  in  two  hours  than  in  one.  The  smaller  the 
amount  of  enzyme  the  longer  the  time  it  will  require  to  work  a 
particular  change.  Just  what  part  the  enzyme  plays  in  the  reac- 
tion is  unknown.  If  it  enters  into  the  reaction  by  being  molec- 
ularly  incorporated  in  certain  stages  of  the  process  it  is  later  dis- 
engaged in  its  original  form  and  may  repeat  its  hydrolytic  change 
upon  fresh  molecules  of  the  pabulum.  This  repetition  is  not  with- 
out limit,  however  ;  the  enzyme  becomes  exhausted  after  a  while 
and  is  no  longer  able  to  excite  the  reaction. 

(c)  Another  Condition  of  the  Action  of  an  enzyme  which 
is  of  the  greatest  importance  to  the  higher  organism  is  the  iuhihi- 
farif  inffuence  of  the  arenmnhdion  of  the  producbi  of  enzi/nic  fiction, 
AVhen  pe|)tones  have  reached  a  (certain  degree  of  concentration 
they  stop  the  further  action  of  the  enzymes  until  the  j)roduct 
already  formed  is  removed  (by  absor|>tion),  when  the  enzyme  re- 
sumes activity.  The  ])athoj^enic  germs  which  often  threaten  hu- 
man life  are  inhibited  by  the  accumulation  of  their  own  excreta. 
If  a  modified  form  of  this  excretion  l)e  introduced  into  the  organ- 
ism in  the  early  stages  of  the  development  of  the  micro-organism, 
its  activity  (virulence)  can  be  much  weakened  or  completely 
aborted.  The  whole  system  of  serum  therapy,  for  exam})le,  with 
antitoxin,  etc.,  de])ends  U|)on  this  fundamental  princi|)le. 
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E.  FOODSTUFFS  AND  FOODS. 

1.  DEFINITIONS. 

Gould  defines  foodntuffs :  "  The  materials  that  may  be  employed 
for  the  purpose  of  nourishment  and  tissue-formation.''  The  same 
lexicographer  defines  foods  :  "  The  substances  ordinarily  employed 
as  aliments."  This  distinction  is  not  as  clear-cut  in  the  defini- 
tions as  it  is  in  use.  The  term  foodstuff  is  employed  as  a  generic 
term  including  all  of  those  chemical  compounds,  "proximate 
principles  of  the  older  physiologists,"  which  may  be  employed  for 
the  nourishment,  growth  and  repair,  of  the  organism. 

Examples :  Starch,  sugar,  fat,  albumin. 

A  foofl  is  an  article  of  diet  which  may  be  composed  of  one  or 
more  foodstuffs  :  Bread,  composed  of  starch,  glutin,  fat,  inorganic 
salts,  water,  etc.,  etc.  Beefsteak,  composed  of  various  proteids, 
fats,  inorganic  salts,  water,  etc. ;  Potatoes,  composed  of  starch, 
proteid,  salts,  cellulose,  and  water. 


2.  CHEMICAL  COMPOSITION  OF  MILK  AND  OF  THE 
ANIMAL  BODY. 

How  shall  we  obtain  a  comprehensive  idea  of  foods  and  food- 
stuffs? Nature  furnishes  every  young  mammal  with  a  food — 
milk — which  most  perfectly  satisfies  the  requirements  enumerated 
above,  growth  and  repair,  and  whose  analysis  may  give  us  a  clue 
to  the  chemical  characters  that  foodstufi^s  should  possess : 


Cheiuical  analysis 
of  milk. 


Water  . 


Organic. 


Solids 


f  TaseinogeD. 
\  Luct-albumin. 
Oleln, 
raltuitlD, 
Stearin, 

Hutyrin,  C'aprioiu, 
Tapriliu, 
Carbwh  yd  rates— I-*ct(»8e. 
L  Inorganic :— Call PO4,  CaCOa,  Na("I,  MgO,,  etc, 


Proteid.H. 


Fats. 


,43  ] 
33 

16  S 


 87.  J( 

JOO 
partt.  4.  ^ 

0.6)( 


When  we  compare  the  chemical  constituents  of  the  mammalian 
body  with  the  chemical  com{M)sition  of  that  food — milk — ^which 
nature  furnishes  to  young  mammals,  we  find  an  exact  correspond- 
ence in  the  <roneral  constituents,  /.  f.,  each  contains  water  in  large 
projKirtion,  ])n)tci(ls,  fats,  carlK>hydnites  and  salts,  composed  largely 
of  phos|>hatcs,  chlorides  and  carbonates.  The  most  noticeable 
difference  between  the  two  lists  is  the  great  variety  of  proteids  in 
tli(»  nianirnalian  l)ody,  while  there  arc*  only  two  or  thn»e  varieties 
in  milk.  If,  of  a  family  of  young  mammals,  a  part  l)e  sacrificed 
to  elx  inieal  analysis  at  birth  and  the  rest  after  their  period  of 
^^rowth  cm  a  milk  diet,  the  results  of  the  analysis  will  be  prac- 
tically identical  ([ualitatively,  but  all  of  the  constituents  will  be 
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found  much  greater  in  quantity  in  those  which  have  had  the  milk 
diet.  Such  an  experiment  demonstrates  conclusively  that  out  of  a 
few  kinds  of  proteids  many  kinds  may  be  built  up. 

The  following  table  giWng  the  chemical  constituents  of  the 
animal  body  will  show  what  the  carnivorous  animal  eats. 


Cbemical 
CompositioQ 
of  the 
Animal 
Bodf. 


Water  . 


aboatCT  < 


SoU<U 


Organic 


Proteids. 


Fats. 


Carbo- 


JUbamins. 


Glotmlina. 


/  Seram  Albumin. 
\  Mjo^bamin. 

f   Semm  Globulin. 
Fibrinogen. 
Myosin. 
Mjo-globaUn. 
Giobin. 
CrjnalUn. 


Xucleo-Proteids :  Xoelein. 


Cbromo- 
Proteida. 


Albuminoids. 


Enzymes. 


(  Palmitin. 
-  Stearin. 
Olein,  etc 


Hsmofl^obin. 
HLoto-H«matin. 

Collagen. 
Elanin. 
Mucin. 
Keratin. 

Thrombin. 

Bennin. 

Ptyalin. 

Pep«in. 

Trypsin. 

Amylopein. 

Steapdin. 

Inrertin. 


(  Glycoeea Dextroite. 
-   Saccharoses  :— Lactose, 
t  -\mylo«« : — Glycogen. 


hydrates  'i  :— Lactose,  daring  lactation. 


r  XaG,  CaHPr>^,  CaCO, 
Inorganic.  J  KCl.  Caa(PO,)„  Na-CO, 

;  Mk<  1„  Na-  HP<^,  NaHCOa 


Fe  in  organic  com- 
bioatioo  in  htema- 
tin  and  tissues  in 
general. 


As  the  next  step  in  our  discussion  let  us  make  a  list  of  those 
in^'Sted  by  a  carnivorous  animal.  The  wolf  or  fox  catches  and 
eats  rabbits  or  birds.  This  fo^jd  of  the  carnivorous  animal  has 
already  U-cn  analyzcnl  and  we  see  that  it  corresjwnds  in  ever}'  re- 
spect to  the  IkxI  v  which  it  must  nourish.  Our  first  and  most  nat- 
ural thoujrht  is  that  the  proteids  of  the  rabbit  become  the  proteids 
of  the  wrilf,  kind  for  kind,  /.  the  myosin  or  musele-proteid  of 
the  rabbit  becomes  the  musele-proteid  of  the  wolf.  But  this  nat- 
ural inference  is  fallacious.  All  proteids  are,  during  digestion, 
reducc*<l  to  peptones  from  which,  after  absorption  into  the  circula- 
tory system,  the  various  protei<ls  of  the  carnivorous  animals  are 
built  up.  If  there  Ix*  an  excess  of  prr>teid  in  the  blo(xl  this  excess 
may  l)c  deposited  in  the  changed  form  of  fat.  Further,  the  quality 
and  quantity  of  fat  in  the  wolf  does  not  correspond  to  the  quality 
and  quantity  of  this  constituent  in  the  rabbit.    The  only  infer- 


INORGANIC  FOODS. 


281 


ence  possible  is  that  the  rabbit  fat,  after  being  taken  up  into  the 
blood  of  the  wolf,  is  partially  consumed  in  some  metabolic  process 
and  partially  deposited,  but  the  several  constituents — olein,  pal- 
matin  and  stearin — are  deposited  in  a  new  proportion  peculiar  to 
the  wolf.  Similar  obser\'ations  and  conclusions  might  be  made 
regarding  the  carbohydrates.  But  where  does  the  rabbit  obtain 
this  ample  list  of  constituents  ?  He  does  not  get  his  food  so  nearly 
prepared  as  does  the  fox.  He  eats  only  herbaceous  material — he 
is  herbivorous.  His  diet  of  barks,  vegetables  and  tender  herba- 
ceous shoots,  if  subjected  to  chemical  analysis,  will  be  found  to 
contain,  besides  water,  very  large  quantities  of  carbohydrates  and 
very  small  quantities  of  fats  and  proteids.  Among  the  carbohy- 
drates the  principal  constituent  is  cellulose,  though  there  is  also  a 
small  quantity  of  glucose  and  starch.  The  wolf  is  quite  unable 
to  accomplish  the  first  step  in  the  digestion  of  cellulose. 

3.  CLASSIFICATION  OF  FOODSTUFFS. 


Foodstuffs. 


Inorganic. 


Water. 


8alt«. 


Organic. 


Carbohy- 
drates. 


Fats 


I'roteids. 


NaCl,  KCl. 

Na,C03K,C0„  MkCO,. 

Na^SO*,  K,SO«,  MgSO*. 

Na,HP04,  Iv.HPO,.  MffHPO*,  CaHPO,. 

Na,  K.Ca,  etc..  combined  with  fruit  acidA :  (Tartaric, 

citric,  malic,  etc  ). 
Fe  combined  with  animal  proteids  (Heemoglobin) 

and  with  vegetable  compounds  (Chlorophyll). 


Amy  loses 


Saccharoses. 


Gly  coses. 


(Starch. 
<  Glycogen. 
(Cellulose. 

{Cane  Sugar. 
Lactose. 
Maltooc. 

(Dextrose, 
-'j  Ixjvulose. 
(Galactose. 


(  Palmitin. 
-.  Stearin. 
(  Olein. 

Albumin8. 
Globulins. 
Nucleo-I'roteids. 


-Animal  and  vegetable  varieties. 


Chromo-Proteids. 
Albuminoids,  Collagen,  etc. 
Derived  Allmminuid-Gelatin. 


4.   FOODS. » 
I.  INORGANIC  FOODS. 


a. 


Water. 


Water  (M)ni|)i  ises  In'tween  67  \yer  cent,  and  70  cent,  of  the 
inainmalian  hody.    It  is  a  general  solvent  and  diluent.    All  of 

'  III  tlu'  iin  par:iti<»n  of  this  section  I  have  drawn  freely  upon  Dr.  W.  Oilman 
Thninp^on's  ailininihU*  work  on  Pmrtiml  DicMic«.    (I).  A.  &  Co.,  1893. ) 
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the  secretions  of  the  body  are  composed  very  largely  of  water.  It 
is  an  absolutely  indispensable  food.  An  adult  requires  from 
2000  c.c.  to  2500  c.c.  every  24  hours.  Of  this  about  J  is  taken 
in  the  form  of  liquid  food  (soup  and  beverages),  leaving  about 
600  c.c.  to  800  c.c.  (3  to  4  glasses)  per  day  to  be  taken  as  "  drink- 
ing water."  Many  people  take  much  less  water  than  this.  "  One 
of  the  most  universal  dietetic  failings  is  neglect  to  take  enough 
water  into  the  system."  (Thompson.) 

One  of  the  most  important  uses  of  water  is  as  a  thermolytic 
agent,  regulating  the  body  temperature  through  distributing  the 
body  heat,  and  through  liberating  heat  from  the  surface  of  the 
body  by  evaporation  of  perspiration. 

Beverages  are  drinks  which  represent  aqueous  solutions  or  dilu- 
tions of  various  organic,  usually  vegetable  products :  tea,  coflTee, 
cocoa,  chocolate,  lemonade,  and  allied  drinks,  cider,  beer,  ale, 
wine,  brandy,  etc.  They  serve  to  relieve  thirst,  as  nutrients,  as 
diureticSy  as  diaphoretics ,  as  diluents,  as  demulcents,  as  tonics,  as 
stimulants,  as  intoxicants. 

Some  of  these  offices  are  necessary,  some  are  permissible,  while 
some  are  not,  from  a  physiological  standpoint,  permissible. 

b.  Salts. 

Salts  in  general  serve  the  following  uses  in  the  system : 

1.  "To  regulate  the  specific  gravity  of  the  blood  and  other 
fluids  of  the  body." 

2.  "  To  regulate  the  chemical  reaction  of  the  blood  and  the 
various  secretions  and  excretions." 

3.  "  To  preserve  the  tissues  from  disorganization  and  putrefac- 
tion." 

4.  "  To  control  the  rate  of  absorption  by  osmosis." 

5.  "  To  enter  into  the  j)ernianent  composition  of  certain  struc- 
tures, especially  the  bones  and  teeth." 

6.  "To  enable  the  blood  to  hold  certain  materials  in  solution." 

7.  "  To  serve  special  purposes,  such,  for  example,  as  the  influ- 
ence of  sodium  chloride  on  the  formation  of  hydrochloric  acid, 
and  that  of  lime  salts  in  favoring  coagulation  of  the  blood." — (W. 
G.  T.) 

As  a  rule,  little  care  need  be  given  to  tlie  salts,  because  the 
vegetable  and  animal  foods  of  a  mixed  diet  all  contain  salts,  mak- 
ing, when  taken  toother,  a  list  suflicient  in  quantity  and  (juality, 
with  the  single  exception  of  the  sodium  salts.  Plants  are  espe- 
cially rich  in  potassium  salts  and  comparatively  poor  in  sodium  ; 
thus  herbivorous  animals  need  more  of  the  sodium  salts,  especially 
sodium  chloride,  than  appears  in  the  vegetable  diet,  and  to  this 
end  eat  earths  rich  in  these  salts — thus  have  been  established  the 
"deer-licks,"  visited  by  the  herbivora  of  a  whole  region. 


ORGANIC  FOODS. 


283 


Carnivora  seem  to  get  a  sufficient  supply  of  the  salts  from  the 
flesh  of  the  herbivora  which  they  consume.  Omnivora  need  sup- 
plementary sodium  salts  in  proportion  to  the  part  which  vegetables 
play  in  their  diet.  Vegetarians  need  extra  sodium  chloride.  Cer- 
tain disturbances  of  nutrition  (anaemia,  rachitis,  etc.)  arise  from 
or  result  in  a  deficiency  of  certain  minerals  or  mineral  salts.  A 
serious  problem  confronting  the  clinicians  has  been  to  determine 
the  form  of  mineral  nutriment  best  adapted  to  the  animal  organism 
suffering  from  malnutrition.  Whether  the  needed  salts  should 
be  given  directly  as  such,  or  whether  vegetable  and  animal  foods 
rich  in  the  neede<l  salts  should  be  made  predominant  in  the  diet, 
are  the  alternatives  between  which  the  clinicians  wavered  for 
many  years.  The  general  consensus  of  opinion,  as  expressed  in 
practice,  is  in  favor  of  the  second  alternative.  Patients  who  need 
more  iron  are  given  eggs,  lean  meats,  cereals,  peas,  beans  and 
"  greens rich  in  chlorophyll.  Patients  who  need  bone-making 
salts  are  given,  among  other  foods,  an  abundance  of  milk,  which 
contains  calcium  salts  in  a  form  and  proportion  which  seem  best 
adapted  to  the  system. 

II.  OBGANIC  FOODS. 
lA.  VEGETABLE  FOODS. 

In  these  bodies  the  carbohydrates  predominate.  The  following 
table  of  analysis  by  Dr.  C.  E.  Woodruff,  Asst.  Surgeon  U.  S. 
Army,  gives  vegetable  foods  with  the  constituent  foodstuffs  and 
energy  represented  : 


Food. 

Water. 

PUOTKIDS. 

Fats. 

Carbo- 

Salts. 

ENERiJY  IN  KlLO- 

IIVDRATK.S. 

Cau>rie8  per  lb. 

Sugar 

97.  H» 

0.24 

1S20  Calories 

.Svnip 

4.{.7 

.Vj.O 

2.3 

1023 

TaplcM-a  ) 

2.0 

97.8 

0.2 

1820 

("ornstarcli  > 

12.4 

7.4 

0.4 

79.4 

(►.4 

1630 

Macaroni 

IM.l 

0.:? 

*  7r).« 

o.s 

1406 

Flour 

12.5 

11.0 

1.0 

74.9 

0.5 

1644 

Cornnii'al 

!").(» 

*.».2 

:i.H 

70.1} 

1.4 

1645 

<  )atnical 

7. 1 J 

l.").l 

7.1 

fix.  2 

2.0 

1H50 

Il«-ans  t>r  |ieas 

I2.r, 

2:1. 1 

2.0 

59.2 

'.\A 

1615 

I*otat<K?s 

2.1 

0.1 

17.9 

1.0 

375 

Onions 

1.4 

o.a 

10.1 

O.fi 

225 

("aM.aKO 

;»2.(» 

2.1 

0.0 

r».o 

1.1 

155 

a.  Sugars. 

This  <r<'"eral  sub-class  of  the  carbohydrate  foodstuffs  has  the 
great  advantaj^c  that  it  nujuires  little  or  no  digestion,  may  be 
directly  aijsorhed  and  very  readily  assimilated.  The  most  com- 
mon iood-sngars  are:  Cane-sugar,  glucose,  and  milk-sugar. 
( 'aiie-sii«rar  or  .siecharose  is  derived  from  the  sap  of  sugar-ciuie, 
lK»et-roots,  and  maple  trees.    Glucose  or  dextrose  is  manufactured 
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from  starch,  makes  a  prominent  constituent  of  powdered  sugar  and 
is  used  in  the  table  syrups.  It  is  the  most  common  fruit  and  vege- 
table sugar ;  in  grapes,  cherries,  figs,  dates,  bananas,  onions,  tur- 
nips, cabbage,  etc. 

Milk-sugar  or  lactose  constitutes  about  4  per  cent,  of  cows'  milk 
and  is  usually  used  only  in  milk.  Honey  is  a  natural  syrup 
formed  by  flowers  and  collected  by  bees.  Konig's  analysis  gives  : 
Water,  16.13  per  cent. ;  fructose,  78.74  per  cent. ;  saccharose, 
2.69  per  cent.;  nitrogenous  matter,  1.29  per  cent.;  salts,  0.12 
per  cent. 

6.  Foods  in  which  Starch  Predominates. 

1.  Cereals. — These  comprise  grains  including  wheat,  corn,  rice, 
rye,  oats,  barley.  The  cereals  with  potatoes  form  the  most  com- 
mon source  of  starch.  The  cereals  are  usually  used  in  the  form 
of  meal  or  flour.  Not  only  do  the  cereals  contain  considerable 
proteids  with  some  fats,  but  in  the  preparation  of  these  meals  and 
flours  for  eating  it  is  customary  to  make  important  additions  in 
the  form  of  milk,  eggs  and  fat  so  that  the  resulting  preparation  is 
a  complex  food  which  generally  represents  all  of  the  foodstufi^s  in 
a  proportion  approaching  that  of  a  typical  diet. 

The  following  table  illustrates  this  as  far  as  it  concerns  bread 
and  crackers. 

Composition  of  Breads  and  Crackers  (Clark  quoted  by 

Thompson). 


Food. 


Water.    Nitriknts.   Proteids.  Fats. 


Wheat  bread. 
(t  rah  am  bread. 
Rye  broad. 
Soda  Oac'kers.  I 
Graham    "  ! 
Oatmeal  " 
Ovster  " 


Graham  htv&d 
nutrients. 

Typical  diet 
nutriment. 


34.2 
30.0 
8.0 
5.0 
4.9 
3.8 


67.5:* 

6o.« 

70.0 

fJ2.0 

9o.O 

95.1 

9(i.2 


9.5 
8.4 
10.3 
9.8 
10.4 
11.3 


14.8 
17,5 


Carbo- 
hydrates. 


1.9  I 

1.4  ' 

0.5 

9.4 
13.5 
13.7  ' 

4.8 


22.2 
8.4 


5:13 
59.7 
70.5 
r>9.7 
69.6 
77.5 


1.0^ 
1.6 
1.4 
1.8 
2.0 
1.4 
2.6 

To  compare  the 
nutrients  of 
graham  bread 

I  with  a  typical 
diet. 


2.  Other  Starchy  Foods. — Tapioca  and  arrow-root  are  pre- 
pared from  the  root-stalks  of  certain  tropical  and  subtropical 
plants.  Sago  i.s  extracted  from  the  pith  of  certain  tropical  ])alms. 
Tapioca  and  siigo  are  practically  pure  starch,  while  arrow-root 
contains  H/)  15.4  per  cent.,  proteids  0.8  per  cent.,  and  starch 
83.3  per  cent. 

3.  Legumes. — Beans  and  peas  contain,  besides  a  large  amount 
of  starch,  so  large  a  proportion  of  proteids  that  they  may  be  used 
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as  one  of  the  recognized  sources  of  proteids,  though  the  animal 
foods  form  the  most  important  source  of  proteids. 

4.  Roots  and  Tubers. — White  potatoes,  sweet  potatoes,  beets, 
carrots,  parsnips,  turnips,  radishes,  etc.,  represent  this  class  of 
vegetable  foods.  All  of  this  class  are  rich  in  salts,  especially  the 
salts  of  potassium.  The  nutrient  portion  of  potatoes  consists 
largely  of  starch  ;  while  in  the  other  vegetables  enumerated  it 
consists  chiefly  of  sugar. 

The  following  table,  combined  from  analyses  by  Letheby  and 
by  Konig,  gives  the  nutrient  values  of  the 


Roots  and  Tubers. 


Foods. 

1  Water, 

Proteids. 

Fats. 

Sugar. 

Potato  (white). 
Potato  (sweet). 
ParsnijM*. 
Carrots. 

75.0<  1 
67.5 
82.0  1 
83.0 

2.10;^ 
1.5 
1.1 
1.3 

'  0.2 
,  0.3 
'  0.5 

3.2 
10.2 
5.8 

ODions. 

86.0 

1.86 

0.1 

2.8 

Beet-root. 

87.1 

1.4 

i 

0.6 

Turnips. 

91.2 

1.0 

1  0.2 

4.1 

Starch. 


18.8 
16.0 
9.6 
8.4 
No  starch 
"extractives" 

Extrac- 
tives" 1.9 


Cellu- 
lose. 


0.45 

0.7 
1.0 
0.9 


Salts. 

0.7 
2.6 
1.0 
1.0 

0.7 

0.9 

0.75 


ANAX/- 
Y8T. 


Letheby 

Payen 

Letheby 


Konig 


All  of  the  foods  in  the  above  table  are  preserved  for  use  in  win- 
ter, during  which  season  the  absence  of  green  vegetables  makes 
them  evspecially  desirable  and  palatable. 

5.  Oreen  Vegetables. — These  are  used  mostly  "  in  aeaaan.'^ 
They  re})rcsent  very  little  nutriment  but  ser\'e  rather  to  sharpen 
the  appetite  for  heavier  foods.  Spinach  is  rich  in  iron  and  is  an 
esiKcially  fine  food  for  use  when  more  iron  should  be  introduced 
into  the  system. 

Lettuce  and  celery  both  act  as  sedatives  on  the  nervous  system. 
Khubarb  has  a  laxative  action,  while  asparagus  acts  as  a  diuretic. 
The  following  table  gives  analysis  of  a  few  of  the  more  important 
green  vegetables. 


('()MiM)srri()N  OF  Grkex  VECiETABLES  (Kouig,  quoted 
by  W.  G.  T.). 


Fnol). 

Wati.k. 

I'HOTKIDS. 

Fats. 

SUdAR. 

Extrac- 
tion. 

t'ELLU- 
LOr$E. 

,  Salts. 

rrk-rv. 

(  uiilillowcr. 
S|.i..a.h. 
.\<*|>ara^:ii>-. 
I.rlt.ici'. 

M.l 
l»n.  J 

'.M>.3 

1.5 

2.5 
.1.2 
2.0 
1.4 

0.4 
0.2 
0.4 

0.5  1 
0.3  t 
0.3 

0.8 
2.3 
1.3 
O.l 
0.4 

11.0 
25.  H 
2:1.7 
21.3 
22.3 
21.9 

1.4 

l.H 
0.9 
0.8 
1.1 
0.7 

0.8 

\  o.s 

1.1*4 
0.5 
1.0 
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To  this  same  class  belong  cucumbers,  egg-plant,  pumpkin, 
squash,  and  vegetable  marrow. 

6.  Fruits. — The  following  table  gives  the  composition  of  the 
principal  fruits  used  in  this  country : 

Fruits. 


Fruit. 

i  i  ! 

NiTROGKNOUS 

Matter. 

t 

fiS 

i 

Free  Acids. 

If 

is 

» 

n 

i 

Salts. 

Analyst. 

Apple. 

83.6  ^ 

0.4 

7.7 

0.8 

5.2 

2.0 

0.3 

Bauer. 

Pear. 

83.0 

0.36 

8.26 

0.2 

3.54 

4.3 

0.3 

1 

Peach. 

1  83.0 

0.65 

4.5 

0.9 

7.2 

6.06 

0.7 

Grape. 

78.2 

0.6 

14.36 

0.8 

1.96 

3.6 

0.5 

Strawberry. 

'    87.66  1 

l.l 

6.3 

0.9 

0.5 

2.3 

0.8 

Currant. 

84.8 

0.5 

6.4 

2.15 

0.9 

4.6 

0.7 

1  *| 

Orange  pulp. 

1  89.0 

0.7 

4.6 

2.44 

0.9 

1.8 

0.5 

Fat. 

Cherry. 

1  49.9 

2.1 

32.2 

0.3 

14.3 

0.6 

1.6 

Yeo. 

Raisin. 

'  32.0 

2.4 

57.26 

0.5 

7.5 

1.7 

1.2 

1 

Fat.  Acid. 

Fig. 

31.2 

4.0 

49.8 

1.44  1.2 

4.5 

5.0 

2.86 

Thompson  gives  the  following  list  of  uses  for  fruits : 

(a)  "To  Furnish  Nutriment." — The  nutriment  is  chiefly 
found  in  the  sugar.  The  most  nutritious  fruits  are :  fig,  prune, 
grai)e,  date,  banana,  cherry. 

(b)  "  To  Convey  Water  to  the  System  and  Relieve 
Thirst." — Besides  melons,  the  orange,  lemon,  grape,  and  pear 
seem  best  adapted  to  this  purpose. 

(c)  To  Introduce  Various  Salts  and  Organic  Acids 
Which  Improve  the  (Quality  of  the  Blood  and  React 
Favorauly  Upon  the  Secrction." — The  salts  of  especial  im- 
jx)i'tanec  are  citrate,  tartrate  and  malate  of  sodium  and  potassium. 
Citric  acid  and  the  citrates  predominate  in  lemons  and  oranges ; 
tartaric  acid  and  the  tartrates  in  grajx's,  and  malic  acid  and  the 
malates  in  apples,  pears,  peaches,  apricots,  gooseberries,  currants 
(and  rhubarb).  The  alkalinity  of  the  blood  and  secretions  is 
increased  with  a  fruit  diet,  owing  to  the  release  of  the  K  and  Na 
from  the  organic  acids  and  their  combination  as  carbonates,  phos- 
phates, etc. 

(The  tomato  is  really  a  fruit,  though  in  the  diet  it  is  associated 
with  the  green  vegetables.  It  contains  oxalic  acid,  which  is  in- 
jurious in  uric  acid  diathesis.) 

((f)  To  Serve  as  Therapeutic  Agents. — (i)  "  ^l.s  anti- 
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scorbutics  ;  (li)  as  diuretics  ;  (iii)  as  kucatives  and  cathartics."  The 
antiscorbutic  action  of  such  fruits  as  apples,  lemons  and  oranges  is 
due  to  their  abundance  of  the  salts  of  potassium,  magnesium  and 
calcium.  The  diuretic  action  of  fruits  is  due  in  part  to  the  water 
which  they  contain.  The  citrates  which  oranges  and  lemons  con- 
tain are  especially  stimulating  to  the  action  of  the  kidneys.  The 
laxative  action  of  fruits  is  best  marked  in  apples,  figs,  prunes, 
dates,  grapes,  2>eaches  and  berries. 

(e)  Fruits  "Stimulate  the  Appetite,  Improve  Digestion, 
AND  Giv^E  Variety  to  the  Diet."  (Quotations  from  G.  W. 
Thompson.) 

FATS  AND  OILS. 

These  important  foods  are  found  both  in  the  vegetable  and  in 
the  animal  kingdom  and  may  be  considered  here.  Twenty  per 
cent,  of  the  normal  body  weight  consists  of  fat.  This  is  in  small 
part  derived  directly  from  the  fat  of  the  food,  but  rather  from  the 
sugars  and  starches,  with  a  small  portion  from  the  proteids. 
Most  of  the  ingested  fat  is  oxidized  at  once  and  supplies  a  con- 
siderable part  of  the  animal  heat.  One  may  thus  summarize  the 
uses  of  the  fats.    The  ingested  fats  serve  : 

{a)  "  To  Furnish  Energy  for  the  Development  of 
Heat.'' 

(h)  To  Spare  the  Tissues  from  Disintegration,  for  al- 
though their  combustion  in  the  body  results  largely  in  the  pro- 
duction of  heat,  they  also  take  part  to  some  extent  in  tissue  for- 
mation." 

The  dej)osited  fats  serve  : 

(c)  "  To  Store  Enp:rgy  in  Potential  Form." 

{d )  Through  the  Subcutaneous  Coat  of  Adipose  tissue, 
to  conserve  the  heat  of  the  body." 

(()  "To  LuHRK'ATE  and  make  more  plastic  various  structures 
of  the  ho<ly  and  give  rotundity  to  the  form."  (Quotations  from 
W.  G.  T.) 

The  most  inijK)rtant  vegetable  oils  are :  Olive  oil,  cotton-seed 
oil,  used  in  dressings  and  cooking,  and  the  oil  of  nuts. 

Animal  fats  and  oils  are:  Butter,  cream,  suet,  lard,  and  the 
tats  of  beef,  mutton,  pork  and  fish.  The  yolk  of  eggs  is  also  rich 
in  oil. 

^r.   ANIMAL  FOODS,  IN  WHICH  THE  PBOTEIDS 
PREDOMINATE. 

The  animal  foods  present  a  much  less  extensive  variety  than  do 
the  vegetable  foods.  The  most  important  animal  food  is  that  one 
whieh  nature  prepares  for  all  young  mammals,  viz.,  mifk. 
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a.  Milk. 

One  analysis  of  coVs  milk  (Bungcf's)  was  given  at  the  head  of 
this  section. 

The  following  table  gives  the  analysis  of  co Vs  milk  and  human 
milk  by  A.  H.  Leeds.    (Quoted  from  W.  G.  Thompson.) 


"Soon)  Dairy  Milk.' 


Human  Milk. 


Reaction. 

Specific  gniTity. 

BacteriflL 

Fate. 

Lactose, 

Proteidfl. 

Salta. 

Total  Solids. 
Water. 


FaiDtly  acid. 

1029.7 
Always  j>re8eDt. 

4!42 
3.76 
0.68 

12.61  i^ 
87.39  i^ 


AlkaUne. 

1031.3 
Absent. 

4.13 

7.0 

2.0 

0.2 


13.33  K 
86.67 


Thompson  enumerates  the  following  as  "  the  more  important 
uses  of  milk : 

1.  Purely  as  Food:  (a)  "As  Infant  Food." 
(6)  "  As  A  Food  for  Adults." 

(c)  "  As  A  Source  of  special  food  products  and  derivatives 
such  as  cream,  butter,  cheese,  buttermilk,  koumiss." 

(rf )  "  As  A  Most  Important  Constituent  in  various  com- 
posite foods,  as  bread,  omelet,  etc." 

{e)  As  A  Vehicle  for  the  administration  of  other  foods  for  in- 
valias,  e,  g.^  egg-albumin,  beef  meal,  cocoa,  meat  juice,  peptonoids, 
etc.,  etc. 

2.  Therapeutic  Uses  of  Milk :  (/)  "  As  a  Diuretic." 

(r/)  "  For  its  Soothing  Effect  on  diseased  mucous  mem- 
branes of  tlie  aliraeutar\'  canal." 

{h)  "  To  Loosen  a  Cough  (when  given  hot)." 

( /)  "  For  Rectal  Injection,"  really  a  food  in  this  case. 

(k)  "  As  A  Vehicle  for  the  administration  of  medicines.  The 
following  table  gives  the  constituents  of  the  more  important  de- 
rivatives of  milk.'' 


F«H»D.  Watkr.  Fkoteid. 


Milk.  s<'..8  4. 

Skiuimed  milk.  S'*.  4. 

Cream.  'lO.  2.7 

Cheeso.  :{6.8  33.5 

Butter.                          ♦;.<»  0.3 


Fat.         Sugar.        Salts.  Analyst. 


3.7  4.8  0.7  Farkes. 

1.8  5.4  0.8 
26.7  2.8  l.s 

24.3    ii.4 

91.0    2.7 


/>.  Eggs. 


Milk  is  natureV  food  for  young  raaiiinials,  and  eggs  are  nature's 
food  for  y(mng  birds.    Both  of  these  natural  foods  contain  all  of 
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the  foodstuffs  necessary  for  a  developing  animal.  Bauer  gives 
the  average  weight  of  the  hen's  egg  as  50  grammes,  of  which  the 
shell  represents  7  gms.  or  14  per  cent.,  the  white  27  gms.  or  54 
per  cent.,  and  the  yolk  16  gms.  or  32  per  cent.  Parkes  allows 
only  10  per  cent,  of  the  weight  for  the  shell,  the  yolk  and  white 
together  being  composed  of:  Water,  73.5  per  cent.;  proteids, 
13.5 ;  fats,  11.6  ;  and  salts,  1  per  cent. 

Eggs  represent  a  concentrated  diet,  and  though  they  contain 
considerable  fat  they  are  classed  as  a  proteid  food.  Egg-albumin 
digests  more  easily  in  the  natural  uncooked  state  than  when 
coagulated  by  cooking.  Raw  eggs  are,  however,  quite  un- 
palatable to  most  people  and  it  is  customary  to  cook  them.  Egg- 
albumin  begins  coagulation  at  56.5°  C.  (about  134°  F.)  and  the 
process  progresses  to  about  70°  C.  (or  160°  F.).  If  the  tem- 
perature is  raised  to  the  boiling  point  the  albumin  becomes  very 
densely  coagulated  and  difficult  of  digestion.  The  most  prevalent 
method  of  eating  eggs  is  in  various  milk  compounds :  omelet, 
scrambled,  custards,  etc.,  etc. 

This  mixing  of  the  egg  with  milk  seems  to  correct  the  difficulty 
of  indigestible  coagula,  besides  making  a  most  palatable  food. 

c.  Meats. 

We  generally  rely  upon  the  lean  meat  of  various  animals  for  our 
supply  of  proteids,  though  it  must  not  be  forgotten  that  many  of 
the  cereals  and  the  legumes  contain  a  verj'  large  proportion  of  pro- 
teids ;  a  proportion  quite  sufficient  to  insure  the  proper  nutrition 
of  the  body  without  resort  to  the  addition  of  lean  meats.  The 
variety  which  is  given  by  the  addition  of  meats  to  the  diet  would 
justify  it,  however,  even  if  there  were  no  other  reasons  favorable 
to  it.  Liebig  said,  "  It  is  certain  that  three  men,  one  of  whom 
has  had  a  full  meal  of  meat  and  bread,  the  second  cheese  or  salt 
fish  (and  bread),  and  the  third  potatoes,  regard  a  difficulty  which 
presents  itself  from  entirely  different  jwints  of  view.''  -  The  ag- 
<rrcssive  jx^oplcs  of  northern  Europe  and  the  western  continent 
are  the  meat-eating  people  of  the  world.  Besides  overcoming  the 
very  great  dittirulties  of  a  northern  climate  they  have  outstripped 
their  vegetarian  competitors  in  almost  every  field  of  human  en- 
ilcavor.  Just  what  gives  to  a  meat  diet  this  subtle  influence  is  a 
l)rol)lcni.  That  the  influence  exists  is  not  a  matter  of  controversy. 
In  its  extremes  we  see  the  difference  in  meat  and  vegetable  diet 
wrought  upon  the  lion  and  the  ox  ;  the  vegetarian,  though  strong, 
is  slow,  clumsy  and  lazy  ;  the  meat-eater  quick,  graceful  and 
alert. 

Tlie  author  does  not  wish  to  be  understood  to  approve  of  an 
exclusively  meat  diet.    Man  is  omnivorous.    If  meat  makes  too 
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great  a  proportion  of  his  diet  disturbances  of  nutrition  are  almost 
sure  to  manifest  themselves. 

The  fact  is,  Americans  and  Englishmen  eat  rather  too  much 
meat  already. 

We  need  meat,  but  we  do  not  need  it  in  immoderate  quantities. 
The  following  table  gives  the  composition  of  some  of  the  more 
common  meats  (including  fish  and  shell-fish"). 


Food. 

Water. 

Pkoteids. 

Fat. 

CaSB(»- 
IIYDRATR9. 

Salt.^ 

Analyst. 

Bee£>teak. 

74.4 

20.5 

3.5 

1.6 

Parkes. 

Fat  beef. 

51. 

14.8 

29.8 

4.4 

PaTv. 

Lean  beef. 

72. 

19.3 

3.6 

5.1 

Fat  mutton. 

53. 

12.4 

31.1 

3.5 

Lean  mutton. 

72 

18.3 

4.9 

4.8 

Veal. 

63 

16.5 

15.8 

4.7 

Fat  pork. 

39 

9.8 

48.9 

2.9 

Bacon. 

15 

8.8 

73.3 

•2.9 

Smoked  ham. 

27.0 

:vi.o 

:{6.0 

,  10.0 

Parkes. 

Calve*'  liver. 

72.3 

•20.1 

5.6 

i  1.5 

Paven. 

Poultrr. 

74. 

21. 

:i.8 

1.2 

Parkes. 

White  fish. 

78. 

18. 

2.9 

1. 

Parkes*. 

Canned  salmon. 

6:).6 

21.6 

13.4 

1.4 

Woodford. 

Crabe. 

H4. 

15. 

1.0 

« 

OrsterM. 

87. 

6. 

1.2 

3.7 

2! 

5.  PBEPABATION  OF  FOODS. 

Thompson  says  that,  "  it  is  owing  to  the  practice  of  cookery 
that  the  dietarj-  of  civilized  man  has  been  so  much  enlarged,  and 
that  it  covers  a  wider  range  of  materials  than  that  which  ser\'es 
for  the  nourishment  of  lower  animals." 

The  coi)king  of  fixxl  serves  the  following  purposes  :  (i)  To  ren- 
der the  organized  stnicture  of  such  foods  as  meats  and  vegetables 
more  tender,  therefore,  more  easy  to  masticate  and  to  digest.  (11) 
To  render  the  foods  more  palatable  through  the  flavors  developed 
in  cooking.  Ira}K>rtant  a.s  this  is  to  those  who  have  been  usecl  to 
cooked  fiKxl.s  it  is  easy  to  see  that  it  might  Ix)  quite  unira|)ortant 
to  the  .savage  ;  the  Eskimo,  for  example,  seems  to  prefer  his  meat 
raw.  (Ill)  To  kill  any  parasites  and  germs  which  may  be  in  the 
foo<l  as  rec<'ive<l  from  the  market. 

The  cooking  is  accomplisheil  in  the  following  general  ways  : 
(i)  bculiiig,  (II)  stewing,  (III)  steaming,  (iv)  frying,  (v)  baking, 
(  VI)  roasting  and  broiling. 

In  hoUinfj  and  stnrinfj  the  cooking  is  conducted  by  a  tem|)era- 
ture  which  dors  not  exceed  100°  C.  (212°  F.).  The  two  proc- 
esses <liffer  in  this  way:  the  food  to  be  boiled  is  plnnf/vd  into 
hoiliiif/  ii-dtn-,  this  coagulates  or  hardens  the  surface,  thus  retain- 
ing within  the  mass  the  juices  ;  the  fcKxl  to  be  stewed  is  put  into 
cold  wat<'r  and  tlic  whole  brought  gradually  to  a  boiling  tempera- 
ture, this  process  tends  to  extract  the  juices  and  to  macerate  the 
tissues  sf)mewhat.    Dnring  the  period  of  cooking  which  follows 
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the  above-described  preliminary  the  two  processes  consist  alike  in 
keeping  the  temperature  at  100°  C.  In  Hteaming  the  food  is  sub- 
jected to  the  steam  which  escapes  from  water  boiling  in  an  un- 
sealed receptacle.  The  steam  does  nor  exceed  100°  C.  The 
effect  is  quite  like  that  of  boiling. 

In  frying  the  heat  is  transmitted  to  the  food  through  the 
medium  of  heated  fat  or  oil.  Fats  used  in  cooking  may  be  heated 
to  400°  F.  before  they  begin  to  smoke.  The  food  cooks  there- 
fore much  more  rapidly  with  this  process  than  with  those  above 
described.  The  fat  may  sear  the  outside  of  the  food  or  may  per- 
meate it  to  a  greater  or  less  extent.  In  any  case  the  digestibility 
is  somewhat  decreased,  in  some  cases  it  may  be  very  much  so. 

In  baking,  romfing,  and  broiling  the  heat,  as  it  radiates  from 
coals  or  from  stone  or  metal  surfaces,  is  applied  direct  to  the  food. 

The  temperature  may  thus  be  much  higher  than  that  of  boiling 
water. 

In  a  general  way  it  may  be  said :  (i)  That  all  foods  that  are 
cooked  at  all  should  l>e  kept  at  100°  C.  long  enough  to  destroy 
parasites  and  bacteria,  (ii)  That  eggs,  unless  incorporated  as  con- 
stituents in  composite  foods,  should  be  cooked  as  little  as  possible, 
the  less  the  better.  (iii)  That  starchy  foods  should  be  very 
thoroughly  cooked,  (iv)  That  meats  in  general  should  be  cooked 
just  long  enough  to  develop  the  flavors  most  agreeable  to  the  re- 
cipient. 
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A,  SALIVARY  DIGESTION. 

1.  THE  SALIVA. 

a.  The  Secretion  of  Saliva. 

b.  The  Composition  of  Saliva. 

2.  THE  CHEMISTRY  OF  SALIVARY  DIGESTION. 

3.  FACTORS  WHICH  INFLUENCE  SALIVARY  DIGESTION. 

4.  MASTICATION. 

5.  DEGLUTITION. 

B.  GASTRIC  DIGESTION. 

1.  THE  GASTRIC  JUICE. 

a.  The  Secretion  of  Gastric  Juice. 

b.  The  Composition  of  Gastric  Juice. 

2.  THE  CHEMISTRY  OF  GASTRIC  DIGESTION. 

3.  FACTORS  WHICH  INFLUENCE  GASTRIC  DIGESTION. 

4.  THE  MOVEMENTS  OF  THE  STOMACH. 

5.  VOMITING. 

C.  INTESTINAL  DIGESTION. 
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3.  THE  FArroUSWIIU'lI  INFLUENCE  INTESTINAL  DIGESTION. 

a.  TiiK  Influence  of  Bacteria. 
h.  The  Infm  ence  of  Ckllulose. 
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DIGESTION. 
A.  SALIVARY  DIGESTION. 

1.   THE  SALIVA. 

a.  The  Secretion  of  Saliva. 

The  term  saliva  is  applied  to  the  fluid  secreted  into  the  oral 
cavity.    There  are  three  principal  pairs  of  glands  whose  secretion 

Fig.  168. 


Alveoli  of  a  serous  gland-parotid.  A,  at  rest ;  B.  after  a  short  period  of  activity  ;  C,  after 
a  prohmged  period  of  activity.  In  A  and  B  the  nuclei  are  obscured  by  the  granules  of  zymo- 
gen. (SCIIAKFER.J 

forms  a  part  of  the  saliva  :  the  parotiihi,  the  submaxillary,  and  the 
miblinf/ual.  Besides  these  six  glands  there  are  innumerable  smaller 
mucous  glands  whose  secretion  serves  only  to  moisten  the  surfaces 
of  the  membrane  while  the  secretion  of  the  salivary  glands  proper 


Fig.  WJ. 


Fig.  170. 


a 


Mucous  viAU  from  fn-h  suhiuaxillary 
i;I:uiil<.  of  tin-  d..^'.  .1,  from  .1  n'>ting  nV 
IoikIimI  ;  /»,  from  ji  glaml  which  has 

Imm  ii  vci  rrtinj:  r<»r  ><>iim- liiiM'  ;  a',  h.'  ^in)ilar 
r«  ll>  wlikh  h:i\<'  l»ccii  t r«ate<l  with  dilute 
acid.     i>«  IIAKJ  KK. ) 


MucouM  acini  of  human  Ungual  gland  : 
the  ^eoretiug  ceils  <a),  being  loaded  with 
the  Hiightly-staining  secretion,  apiiear 
clear  and  traus|>arent  ;  r,  r,  orescentic 
ma.HMes  of  granular  cells— the  deml-luoes 
of  lleidcuhain  ;  6,  interaeintms  connec- 
tive tissue.   (After  I*ier.hol.> 


scrvrs  ('s|K'('ially  to  moisten  the  food  during  mastication  and  to  add 
to  it  :i  (li^^cstive  ferment.    These  glands  may  be  divided  into  two 
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classes  on  the  Ijasis  of  the  morphological  changes  which  the  cells 
of  the  glands  undergo  during  the  period  of  rest  and  activity.  Fig. 
168  shows  the  cells  of  serous  glands,  the  parotid,  while  Fig.  169 
shows  the  cells  of  a  mucous  gland,  the  submaxillary.  Xote  that 
the  cells  of  the  serous  parotid  gland  are  subspherical  and  nearly 
fill  the  alveolus,  lea\'ing  a  narrow  inter-cellular  cleft  which 
widens  into  a  definite  lumen  when  the  cells  are  depleted  by  se- 
cretion. The  nucleus  is  located  in  the  center  of  the  cell  but  is 
obscured  at  times  by  the  numerous  granules.  As  is  shown  in  the  fig- 
ures of  the  parotid  the  granules  vaiy  in  number  during  the  diflFerent 
stages  of  the  cell's  rest  and  activity.  They  accumulate  during 
rest  and  disappear  during  activity.  The  same  general  observa- 
tion may  be  made  upon  the  secreting  cells  of  all  of  the  digestive 
glands.  The  serous  cells  take  the  protoplasm-stain,  carmine,  verj- 
deeply.  The  secretion  from  a  serous  gland  is  thin  and  watery. 
The  cells  of  the  mucous,  submaxillary  gland,  on  the  other  hand, 
are  pyramidal  in  shape.  A  distinct  lumen  always  exists  in  the 
alveolus.  The  nucleus  is  lot*ated  near  the  outer  end  of  the  cell. 
The  general  appearance  of  the  resting,  mucous  cell  is  much  less 
opaque  than  that  of  the  resting,  serous  cell.  There  are,  however, 
numerous  granules,  but  these  are  less  abundant  near  the  lumen  of 
the  alveolus  and  more  abundant  in  the  neighlwrhood  of  the  nuclei. 
This  is  well  shown  in  PiersoFs  figure  (Fig.  170).  Just  what  is 
the  significance  of  the  demi-lunesof  Heidenhain  is  still  a  matter  of 
controversy.  They  may  represent  exhausted  cells  pushed  to  one 
side  by  the  active  ci41s,  or  they  may  represent  nascent  cells  which 
are  destined  to  take  the  place  of  cells  which  lie  nearer  to  the  lumen. 

The  fact  of  greatest  significance  to  the  physiologist  is  the  ac- 
cumulation of  granules  in  the  gland-cells  during  rest  and  their 
disapi>earance  during  a<*tivity.  That  these  granules  bear  some 
relation  to  the  organic  eon-^tituents  of  the  secretion  of  the  cells  can 
be  accepted  as  l)evon<l  question.  Just  what  that  relation  is  has  not 
yet  bwn  flefinit(*ly  deterniined.  The  principal  organic  constitu- 
ents of  the  saliva  are  mucin,  ptyalin  and  albumin.  The  work  of 
Langley  (Jounrif  ^^/'//^'^^^^V///?  P-  -i-^-^)  upon  the  fresh 

gland  shows  that  the  granules  of  the  niuens-secreting  cell  may 
be  converted  into  niiu-in  by  simj)le  adclition  of  water.  There  can 
Ik?  no  doubt  that  such  a  chanjre  tak<.'s  place  during  secretion. 
The  granule-:  of  the  mucous  cells  may  then  l>e  looked  upon  as 
the  mother  of  mucin — niucinofreu.  The  granult*s  of  the  ptyalin- 
secreting  v\'\\>  probably  represent  the  mother  substance  of  ptyalin. 
But  the  chancres  whi<-li  take  place  in  the  cell  during  secretion  are 
not  confined  to  the  solution  of  the  granules  and  the  expulsion  of 
the  product  into  the  lumen  of  the  alveolus.  Extensive  anabolic 
processes  t;ik<'  place. 

The  cytoplasm  is  replenished  and  the  increase  in  size  of  the  nu- 
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cleus  indicates  that  the  nucleoplasm  is  replenished  also.  During 
the  resting  stage  the  protoplasm  undergoes  a  change,  probably 
katabolic,  by  which  the  granules  are  again  formed  and  the  cell  be- 
comes "  loaded/'  ready  for  another  period  of  secretion. 

This  cycle  of  cell  activity  is  controlled  by  influences  outside  of 
the  cell.  It  is  important  for  the  organism  that  all  of  the  secreting 
cells  of  a  gland  act  in  harmony,  and  that  the  secretory  phase  ot 
the  activity  occurs  at  the  time  when  food  is  in  process  of  masti- 
cation. The  coordination  of  the  activity  of  the  gland  with  the 
associated  functions  can  only  be  brought  about  by  the  agency  of 
the  nervous  system. 

The  nerve  supply  of  the  salivary  glands  represents  two  general 
sources  :  (i)  cerebral ;  (ii)  sympathetic. 

The  cerebral  innervation  of  the  salivary  glands  is  represented 
on  the  parotid  gland  by  branches  received  directly  from  the  auric- 
ulo-teniporal  branch  of  the  inferior  maxillary  division  of  the  V. 
cranial  nerve.  But  these  fibers  come  ultimately  from  the  glosso- 
phdrynyeal  or  IX.  cranial  nerve  and  pass  from  that  nerve  to  the 
auriculo-temporal  through  the  tympanic  nerve,  the  small. super- 
ficial petrosal  and  the  otic  gimglion.  The  cerebral  innervation  of 
the  submaxillary  and  sublingual  glands  is  represented  by  branches 
received  directly  from  the  lingual  branch  of  the  inferior  maxillary 
division  of  the  V.  cranial  nerve.  These  fibers  come  ultimately 
from  the  facial  or  VII.  cranial  nerve  and  pass  from  that  nerve  to 
the  lingual  through  the  Chorda  tympaniy  so  called  because  it  tra- 
verses the  tympanic  cavity.    (See  Tympanum  under  Hearing.) 

The  sympathetic  innervation  of  the  salivary  glands  is  repre- 
sented by  branches  from  the  superior  cervical  ganglion  of  the 
sympathetic  system.  These  branches  reach  the  glands  by  follow- 
in<r  the  blood  vessels. 

In  a  gencnil  way  one  may  say  that  the  nerve  supply  of  all  the 
<li«rcstive  glands  is  derived,  like  that  of  the  salivary  glands,  from 
cranial  and  sympathetic  sources.  A  study  of  Fig.  159,  giving 
the  innervation  of  the  digestive  system,  shows  that  this  is  true  of 
the  innervation  of  the  stomach,  of  the  small  intestine,  of  the  liver 
and  of  the  ])anerejis.  Just  how  much  influence  upon  these  struc- 
tures tlie  va<j:us  may  exert  through  its  connections  in  the  solar 
plexus  is  at  present  (juite  unknown.  The  points  which  the  inner- 
vation ol"  tlie  salivary  glands  |X)ssess  in  common  with  that  of  the 
other  (li<:'estiv(»  glands,  together  with  the  fact  that  the  nerves 
wliieh  supply  the  salivary  glands  are  readily  accessible  to  experi- 
nieiitatiiMi,  has  led  physiologists  to  experiment  extensively  upon 
the  inlluenre  of  stimulation  upon  these  glands,  with  a  view  to  thus 
<retting  a  chu'  to  the  influence  of  the  nervous  system  ujwn  secre- 
tion in  general.  The  results  are  definite  and  conclusive  with  re- 
spect to  the  salivary  glands  themselves,  and  suggestive,  if  nothing 
more,  with  respect  to  digestive  glands  in  general. 
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If  the  Chorda  tympani  be  severed  and  its  distal  end  electrically 
stimulated  one  may  obser\^e  : 

(i)  A  dilatation  of  the  blood  vessels,  and  (ii)  a  profuse  flow  ot 
thin  watery  saliva  from  the  glands  which  it  supplies.  If  the 
sympathetic  branches  to  these  glands  be  severed  and  electrically 
stimulated  one  may  observe :  (i)  a  contraction  of  the  blood 
vessels,  and  (ii)  a  scanty  secretion  of  thick  viscid  saliva.  In  the 
case  of  the  parotid  gland  stimulation  of  the  peripheral  end  of 
the  divided  parotid  portion  of  the  glosso-pharyngeal  in  any  part 
of  its  course  causes  :  (i)  vaso-dilatation  ;  and  (ii)  profuse  watery 
secretion,  while  stimulation  of  the  peripheral  end  of  the  divided 
sympathetic  branches  to  that  gland  causes  :  (i)  vaso-constriction  ; 
but,  in  most  animals,  no  secretion  of  saliva. 

Various  theories  have  been  advanced  to  account  for  the  phe- 
nomena obser\'ed  and  to  harmonize  the  results  of  physiological 
experiments  with  the  observations  of  the  histological  changes  in 
the  gland-cells  during  the  cycle  of  cell  activity. 

That  the  increased  pressure  of  the  tissue-plasma  resulting  from 
the  vaso-dilatation  bears  an  important  relation  to  the  pouring  out 
of  a  watery  secretion  by  the  cells  has  been  generally  accepted 
since  the  time  of  Ludwig^s  early  experiments  in  this  field  in  1851. 

The  theory  which  presents  itself  at  once  is  that  the  water  and 
salts  of  the  secretion  are  products  of  filtration  from  the  tissue- 
plasma.  If  this  be  a  tenable  proposition,  two  things  must  be 
observed  ;  first  that  the  proportion  of  water  and  salts  in  the  sa- 
liva must  be  the  same  as  in  the  tissue-plasma ;  second,  that  the 
pressure  of  the  secretion  in  the  ducts  of  the  gland  will  be  less 
than  the  pressure  of  the  blood  in  the  vessels  of  the  gland.  But 
the  water  and  the  salts  of  the  secretion  are  far  different  in  pro- 
portion,— the  water  and  salts  of  the  plasma  being  about  90.3  per 
cent,  and  0.85  per  cent,  respectively,  while  they  occur  in  the  se- 
cretion in  the  proportions  of  99.4 -h  and  0.36. 

As  to  the  pressure,  Ludwig  {Zcitsch,  f.  rat,  Med,,  ISol — S, 
271)  found  in  the  same  experiment  a  blood-pressure  in  the  caro- 
tid artery  of  112  mm.  of  mercury  and  a  secretory  pressure  in  the 
duct  of  the  submaxillary  rising  to  190  mm.  of  mercury  pressure 
when  the  gland  is  influenced  by  stimulation  of  the  chorda  tym- 
pani. Heidenhain  {SfufL  d.  phynioL  Imt,  zu  Bra^lau)  found 
even  greater  differences  between  blood-pressure  and  secretory 
pressure.  In  the  light  of  these  observations  it  is  evident  that  the 
secretion  of  water  and  salts  is  not  a  jyrocess  of  filtration.  The  next 
question  which  presents  itself  is  :  Do  not  the  laws  of  diffusion 
and  osmosis  suj)plenient  and  reinforce  those  of  filtration? 

The  two  most  important  factoi-s  in  osmosis  are  :  (l)  The  quan- 
titative com[X)sition  of  the  solutions  separated  by  the  membrane, 
and  conse([uently  the  ])artial  osmotic  ])ressure  exerte<l  l)v  the 
several  constituents  (IMd^  in  Schaefer\^  Tcrt-book  of  Physiolof/if, 
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Vol.  J.,  p.  278\  (ii)  The  coefficients  of  diffiision  of  the  various 
constituents  (Reid).  The  first  one  of  these  two  factors  operates 
in  the  following  manner  :  If  pure  water  be  separated  by  a  mem- 
brane from  a  solution  of  sodium  chloride  the  water  will  diffuse 
much  more  rapidly  toward  the  salt  solution  than  will  the  salt  solu- 
tion toward  the  water,  so  that  the  liquid  will  rise  on  the  side  of 
the  denser  liquid.  The  process  of  interchange  continues  until  the 
liquid  on  both  sides  of  the  membrane  has  the  same  quantitative 
composition.  But  during  the  progress  of  salivary  secretion  water 
passes  constantly  from  the  plasma  where  it  forms  only  90.3  per 
cent,  of  the  liquid  into  the  alveoli  of  the  salivary  glands  where  it 
forms  99.4  per  cent,  of  the  liquid. 

It  might  be  urged  that  the  hydrostatic  pressure  overcomes  any 
osmotic  pressure  that  may  exist  on  the  opposite  sides  of  the  secret- 
ing cells.  But  we  are  seeking  a  factor  to  reinforce  the  hydrostatic 
pressure  which  was  already  too  low  to  account  for  the  secretory 
presy^ure.  It  is  evident  that  the  laws  of  osmosis  will  not  assist  us 
in  accounting  for  the  phenomena.  To  test  the  second  factor  of 
osmosis,  the  coefficients  of  diffusion  of  the  various  constituents, 
one  may  take  for  example  a  comparison  of  the  two  salts  NaCl  and 
KC'l,  both  of  which  are  constituents  of  both  plasma  and  saliva. 
NaCl  forms  0.55  per  cent,  and  KCl  0.03  per  cent,  of  plasma. 
The  coefficient  of  diffusion  of  KCl  is  nearly  |-  that  of  NaCl. 
Macignae  (Ann.  de  Chim.,  Paris,  187^,  T.  //.,  p.  o^S),  demon- 
strated that  the  mpidiiy  of  diffiusion  of  the  more  diffmible  of  a  pair 
of  mlt^  diffnmmj  mnudtaneoudi/  is  found  to  be  increased,  that  of  the 
/ess  diffusible  diminished  (Reid).  For  example,  NaCl  has  about 
^  times  the  diffusibility  of  Na2SO^  when  diffusing  separately  ; 
when  diffusing  simultaneously  the  NaCl  is  increased  and  the 
Na.SO^  diminished,  the  ratio  being  nearly  3:1. 

If  a  similar  relation  holds  for  NaCl  and  KCl  in  salivary  secre- 
tion we  shall  Ix'  prepared  to  find  in  the  saliva  that  the  KCl  in- 
stead of  being  of  the  NaCl  is  increased  to  say  or  even  ^j^. 
But  in  the  saliva  the  KCl  :  NaCl  : :  3  :  5  (!). 

When  the  two  principal  factors  of  osmosis  are  considered  they 
are  toiind  to  be  completely  inadequate  to  account  for  the  phe- 
nomena of  salivary  secretion.  The  other  factors  of  osmosis,  char- 
acter ot*  membrane,  pressure,  temperature,  are  naturally  the  same 
for  botii  salts  and  drop  out  of  this  calculation.  We  are  forced  to 
a  further  eonelusion  that :  the  secretion  of  the  water  and  the  salts  of 
the  stdlrtf  is  not  a  process  of  osmosis.  Finally  :  the  secretion  of  the 
u-dfcr  (did  the  sa/fs  of  the  saliva  cannot  be  accounted  for  through 
the  eoinhined  influence  of  the  laws  o{  filtration  and  the  laws  of 
(fsiiiosis.  Hut  these  are  the  only  known  physical  laws  that  may 
a|>j)ly  to  this  ease.  The  cells  which  separate  the  plasma  from 
the  saliva  are  living  cells.  Every  living  cell  nnderyocs  metabolic 
('hanifvs ;  building  up  a  portion  of  the  material,  taken  from  the 
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medium  in  which  the  cell  exists,  into  protoplasm  and  retaining  a 
portion  as  cell-plasma  or  cell-sap.  Every  living  cell  has  the  power 
to  select  J  from  the  medium  in  which  the  cell  exists,  the  imterials 
which  are  to  he  med  by  the  cell  in  its  metabolism.  In  a  complex 
organism  the  cells  comprising  the  diflFerent  tissues  are  differentiated 
in  function.  A  differentiation  of  function  involves  a  differentia- 
tion of  cell  metabolism  with  all  that  that  entails.  In  terms  of 
these  fundamental  principles  of  biology  one  may  say  that  the  cells 
of  the  salivary  glands  receive  from  the  organism  nutriment  and 
protection  while  they  give  to  the  organism  the  results  of  special- 
ized activity.  The  selection  of  particular  constituents  in  particu- 
lar proportion  and  the  throwing  out  of  a  particular  mixture  of 
katabolites  (excretions)  is  nothing  new ;  it  is  an  attribute  of  every 
living  cell.  This  is  no  attempt  to  tell  just  how  the  cell  accom- 
plishes this  feat.  The  phenomenon  is  as  inexplicable  as  life  itself. 
This  is  an  attempt  to  show  that  in  the  formation  of  a  special 
secretion  we  have  to  deal  with  no  new  manifestation  of  cell  life 
but  with  a  slight  specialization  of  inherent  cell-attributes. 

Of  the  various  theories  advanced  to  account  for  the  phenomena 
of  salivary  secretion,  that  of  Heidenhain  as  modified  by  Langley 
seems  to  be  most  reasonable.  The  essential  features  of  this  theory 
may  be  thus  summarized  : 

(a)  Thk  Cerebral  Nerves  supply  the  glamh  with  vaso-dilaior 
fibers  and  with  secretory  fibers.  In  harmony  with  this  hypothesis 
is  the  fact  that  if  atropine  be  injected  into  the  gland  stimulation 
of  the  chorda  tympani  will  cause  no  secretion,  though  the  vaso- 
dilatation leads  to  increased  vascularity  of  the  gland. 

The  secretory  fibers  have  been  paralyzed  by  the  atropine. 

{h)  The  Symiwtiietic  Nerves  supply  the  glands  with  vaso-i^on- 
stridor  fibers  and  with  secretory  (trophic)  fibers. 

(c)  The  Secijetorv  Fibers,  or  at  least  secretory  impulses, 
may  he  classified  as :  («)  77io.se  which  control  the  se4*rdion  of  water 
and  salts;  (^?)  those  trophic  fibers  which  control  the  metaboli^'<tn  of  the 
cells :  (l)  anabolic  secretory,  (li)  katabolic  secretory. 

In  the  dog  the  cerebral  nerve  contains  many  fibers  of  class  («) 
and  few  of  class  (^9),  while  the  sympathetic  contains  many  of  class 
(fi)  and  few  or  none  of  class  («). 

To  get  a  connected  idea  of  the  cycle  of  activity  of  the  salivary 
gland  let  us  begin  with  the  period  of  rest  or  recuperation,  (i) 
The  reflex  influence  of  the  cerebral  nerves  is  suspended  because 
the  sensory  nerves  of  the  mouth  are  no  longer  stimulated  by  the 
presence  of  foo<l  and  the  process  of  mastication,  (ii)  With  sus- 
pension of  the  activity  of  the  vaso-dilator  fibers  the  general  and 
practically  constant  vaso-constrietor  impulses  through  the  sym- 
pathetic nerves  reduces  the  blood  supply  to  the  gland,  (iii)  The 
katabolic  impulses  cause  the  cells  to  change  some  of  the  proto- 
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plasm,  both  cytoplasm  and  nucleoplasm,  to  those  granular  forms 
which,  during  the  secreting  period,  may  be  so  readily  changed  to 
constituents  of  the  secretion,  (iv)  Anabolic  impulses  are  un- 
questionably received  by  the  cell  during  the  resting  stage,  but  the 
very  great  production  of  granules  and  tlie  noticeable  depletion  of 
both  cytoplasm  and  nucleoplasm  makes  it  likely  that  the  kata- 
bolic  processes  preponderate. 

Consider  now  the  changes  which  are  WTOught  during  the  se- 
creting period  :  (i)  The  reflex  influence  of  the  cerebral  nen  es  is 
brought  into  action  through  the  stimulation  of  the  sensory  nerves 
of  the  mouth,  and  vaso-dilatation  results,  (ii)  Along  with  the 
increased  blood  supply  come  impulses  through  those  secretory 
nerves  («)  which  control  the  secretion  of  water  and  of  salt.s.  The 
increased  pressure  of  the  tissue-plasma  as  well  as  the  increased 
quantity  of  the  tissue-plasma  facilitates  this  phase  of  the  secretory 
activity  of  the  cells,  and  they  ^^fielcct'^  certain  proportions  of 
water  and  salts  and  pass  them  into  the  lumen  of  the  alveolus, 
(ill)  Through  the  sympathetic  system  especially  come  katabolic 
impulses  which  lead  to  the  final  step  of  katabolism  necessary  to 
change  the  granular  material  to  the  stage  represented  in  the  secre- 
tion. For  example,  mucinogen  granules  are  changed  to  mucin, 
and  the  ptyalin  granules  (ptyalinogeu)  to  ptyalin.  (iv)  Through 
the  sympathetic  system  especially  come  anabolic  impulses  which 
cause  the  cell  to  select  nutrient  materials  from  the  abundant  plasma 
and  replenish  cytoplasm  and  nucleoplasm,  the  former  collecting 
in  the  form  of  clear,  non-granular  protoplasm  at  the  base  of  the 
cell,  while  the  latter  fills  out  the  somewhat  shrunken  nucleus. 

This  presentation,  based  upon  the  Heidenhain  theory,  must  be 
understood  as  a  ])urely  tcnhitive  one.  It  seems  to  harmonize  all 
of  the  phcnoniena  as  now  understood. 

Tiie  secretion  of  saliva  has  l)eeii  discussed  at  some  length,  l)ecause 
it  is  better  understood  than  is  the  secretion  of  the  other  digestive 
juici's  and  may  be  accepted  as  probably  typical  in  a  general  way 
of  all  of  thcin. 


b.  The  Composition  of  Saliva. 

IIcrtcr(//oy>y>r-N(7//(r,  Phi/sioL  Clwm,;'  Bd  IL,S.  101), 
the  follo\viii<r  analysis  of  human  submaxillary  saliva: 
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.3H.-)  ^ 


I*tyalin.  ) 

MUCIIM.  j 


S»lub!e. 


InM)1ubIe. 


fNaClO.l.M  ^ 

J  KCI  0.(194  f 

1  Na.COa  0.090  f 

I  KaSO*  0.0-26  J 


f  CaCO,  0.015  ) 
(Caad'OJj.OlO  i 


gives 

99.44 
0.175 

0.36 

1.02."> 
100.000 
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Hammerbacher  (Zeii^ch.  f.  physioL  chern.,  Bd.  V.)  gives  the 
following  analysis  of  human  mixed  saliva : 


Human 
Mixed 
Saliva. 


Water. 


Solids. 
0.58^ 


Organic. 


Inorganic. 


/  Mucin  and  epithelium. 
(  Ptyalin  and  globulin. 

(Potassium  Sulpho-cyanide  .004 

(  NaCl.KCl  ) 
-{  Na,  CO3,  CACO,  y 
{  Mg,(POJ„Ca3(PO,),  j 


99.42  i 

0.22 
0.14 


0.22 

ioo.oo 


2.  THE  CHEMISTRY  OF  SALIVARY  DIGESTION. 

The  only  chemically  active  agent  in  saliva  is  ptyalin,  Ptyalin 
is  an  amylolytic  enzyme,  and  its  action  is  therefore  confined  to 
the  change  of  starch  to  sugar  and  to  the  products  intermediate 
between  starch  and  sugar.  Brown  and  Morris,  quoted  by  Halli- 
burton, sum  up  this  change  in  the  following  reaction : 

10(C,H,„O.)„+4nHp  =  4nC„H,0,.+(C,H.A)„+(CeH.„0,)„ 
Starch -h  water  =  maltose+achroodextrin+erythrodextrin. 

Most  investigators  agree  that  the  first  change  is  to  soluble 
starch,  amidulin"  or  amylodextrine,  which  gives  a  blue  color 
with  iodin  ;  and  that  no  erythrodextrin  remains  at  the  end  of  the 
reaction,  but  that  there  may  be  several  forms  of  achroodextrin 
present. 

Xeumeister  (Lehrbuch  d,  physioL  Chemiej  1893,  S.  232)  gave 
the  following  diagram  as  representing  approximately  what  takes 
place  in  the  action  of  ptyalin  or  amylopsin  upon  starch  '} 

*  In  order  that  the  reader  may  f^et  a  more  concrete  idea  of  the  series  of  changes 
which  this  diagram  contemplates  it  may  he  well  to  insert  the  quantitative  molec- 
ular formulw  worked  out  hv  Lintner  and  Diill  {Be.r.  d.  deuisch.  chem.  Gesdl.^  Bd. 
S.  2.)38). 

Starch  ((  6^,005),, (.=  ,os')  (-f  ptyalin)  = 

Amidulin    \  (C,,n,„()io)5,  ;  (-f  ptyalin)  +311./)  = 
Amvlodextrin  1 


I  I 
:OIalt(>sc  4-     Krvthrodextrin  ( -f  ptvalin ) -|- 0II..O= 
3C,,II,,()„    3  ((';,lI,oO,„),; 


r»  Malt<»sc  -f-  \)  Achnxidextrin  a  ( -}-ptvalin  )+4.)Il2  0  = 
Ci-'II.,0,i     1)  ((V.'H>oO,o)5 

I 

4o  Iso-maltose 

-r>  Ci jH.oOu)  ir>< )(  +ptyalin )  = 
•lo  Maltose 

This  series  of  reactions  does  not  include  the  variation-^  of  achroiidextrin  for  the 
very  good  rea.s<.)n  that  thfe*e  dextrines  are  largely  hypothetical. 
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Starch  +  ptyalin  +  water 
Amylodextrin 


lirythrodextrin  +  maltose 


Achroodextrin  a       +  maltose 


Achroodextrin  ^9  +  maltose 


Achroodextrin  +  maltose 

or 

Maltoidextrine 


Maltose  +  Maltose 

The  changes  which  gly^gen  (CgHj^O^)^,  undergoes  during  diges- 
tion are  the  same  as  those  which  starch  undergoes.  (Kiilz  and 
Vogel,  in  Ziifwh,/,  Biolo(jie,  1895,  Bd.  31,  S.  108.) 

It  was  originally  supposed  that  starch  was  changed  to  dextrose, 
but  it  has  been  demonstrated  that  maltose  is  first  formed  and  that 
only  a  very  small  ])roportion  of  dextrose  is  formed  either  through 
])tyalin  or  aniylo])sin.  (Musculus  and  Gruber,  Zinfuch,  f,  phi/Hiol. 
(  hnn,,  B(l.  1 1.,  S.  1 77.)  It  must  be  remembered  that  though  ptyalin 
is  capable  of  working  all  of  the  changes  ascribed  to  it  when  the 
time  is  sutlicieiit,  the  amylolytic  changes  are  interrupted  very  early 
in  their  course  l)y  the  acid  reaction  of  the  stomach  and  are  not 
resumed  until  the  products  are  again  subjected  to  the  influence  of 
an  aniylolytie  en/yme  in  the  small  intestine.  Under  the  usual 
conditions  the  products  of  ptyalin  digestion  would  include  maltose, 
aclirorxlextrin  a,  ^'i  and  crythrodextrin,  and  probably  amylodex- 
trin, tliere  would  also  remain  much  unchanged  starch.  All  of 
these  excepting  the  starch  are  soluble,  and  maltose  is  crystalline 
and  (lit!'usii)le.  It  is  either  hydnited  in  the  alimentary  canal  by 
invertin,  or  an  allied  enzyme,  and  changcnl  to  dextrose,  in  which 
form  it  is  ai)sorbed  ;  or  it  is  taken  up  by  the  absorptive  epithelium 
as  maltose  and  changes  within  the  epithelium  to  dextrose,  in  which 
form  it  is  ])asse(l  into  the  capillaries  of  the  portal  system.  It  is 
certain  that  it  does  not  enter  the  circulation  as  maltose. 
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8.  FACTORS  WHICH  INFLUENCE  SALIVABT  DIQESTION. 
a.  The  Preparation  of  the  Food. 

The  importance  of  a  most  thorough  cooking  of  starch  and  starchy 
fo<Klrt  can  scarcely  be  too  strongly  emphasized. 

The  starch  is  deposited  in  stratified  grains  which  have  alternat- 
ing layers  of  pure  starch  or  granulose  and  of  starch-cellulose, 
winch  also  forms  the  outer  layer  of  the  starch  grain.  Starch-cel- 
lulose is  quit<»  indigestible  by  the  ptyalin  or  amylopsin,  and  it  is 
only  with  difficulty  permeated  by  these  enzymes,  so  that  digestion 
of  uncooked  starch  grains  is  very  much  retarded.  Moist  heat  has 
the  effect  of  swelling  the  granulose  and  bursting  the  starch-cellu- 
lose envelopes,  thus  liberating  the  pure  starch  which  makes  an 
opalescent  ]>aste  if  the  water  is  sufficient  in  quantity.  In  any  case 
it  is  made  readily  miscible  with  the  saliva,  and  thus  the  action  of 
the  ptyalin  is  much  facilitated. 

6.  The  Mastication  of  the  Food. 

If  the  starchy  food  be  bolted  in  unbroken  pieces  it  is  evident 
that,  howver  thon>ughly  the  food  may  be  cooked,  and  however 
active  and  abundant  the  enzyme  may  be,  the  amylolytic  action  of 
the  pt^'alin  must  Ix^  slight,  because  not  brought  into  proper  phys- 
ical relation  to  the  starch. 

A  thorough  mastic5\tion  of  the  food  breaks  it  up  into  minute 
pieoos  and  mixes  the  sjiliva  with  it,  so  that  the  enzyme  is  brought 
into  wntact  with  a  much  larger  pn>portion  of  starch  than  could 
l>e  possible  otherwise. 

The  time  roquiretl  for  thorough  mastication  is  another  important 
olomeut  Invause  the  change  in  the  starch  may  be  well  advanced 
In^fon^  the  fiH>il  loaves  the  mouth. 

r.  The  Temperature  of  the  Mixture. 

After  the  well  tHx»kixl  fiHxl  is  thon>uglily  masticated  there  an* 
other  imjvvrtaut  iMmlitions  whioh  must  W  fulfilled  if  the  digestive 
ohauct^  to  Iv  nij^id  and  extensive.  Tiio  ianperaUirc  afieots 
the  ojvration  ot'  any  on/vnu\  The  o^^iinmik  ti  mj^  rnhirt  is  appn>xi- 
matoly  that  ol'tliobUvnl  (^;>7^^  C.-4(^^  C.V  Outside  of  these  limits 
the  aetion  is  prt>orn^s>ively  slower  the  farther  remr»vtxi  fi»m  the 
optimum.  T\\c  aetion  is  wholly  susjx^udtxl  at  0^  C\  Inu  the  en- 
f.ymo  is  not  dostn>vi\l.  The  action  is  wholly  suspendiil  at 
70 1^,  and  the  onzvmo  is  di^tri>vi\l.  Mm  h  has  Ix^n  >aid  aKan 
tho  effivt  of  i\>ld  drinks  ujxni  digt^tiou.  A  largx;*  jxmion  of  what 
has  Ihx^u  said  c:innot  vorifitxl  by  oxjxrinunt.  Exjxrinunt 
ha^  demonstnitoii  that  if  theoiMitents  of  a  Ixakrr  Ix-  diluted  w'nh 
10  VioliniMSof  M-ater  at  0^  C,  tlu^  action  of  the  ptyalin  will  Ik 
kvded,  partly  Ix^cause  of  the  dilution  an<l  panly  l^ear^v 
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of  the  marked  change  of  temperature;  When  cold  water  is  taken 
with  meals  it  is  usually  taken  in  moderate  quantities  so  that  the 
dilution  is  not  sufficient  to  retard  the  action  of  the  enzyme.  It  is 
usually  taken  sufficiently  slowly  to  be  warmed  to  almost  blood 
temperature  before  it  reaches  the  stomach  so  that  a  glass  of  cold 
water  taken  a  little  at  a  time  during  the  progress  of  a  meal  can- 
not be  said  to  ieffect  any  demonstrable  retardation  upon  salivary 
digestion  in  the  stomach. 

d.  The  Reaction  of  the  Mixture; 

The  saliva  is  faintly  alkaline  because  of  the  Na^jCO,  which  it 
contains.  It  is  not  necessary,  however,  that  the  reaction  of  the 
mixture  of  food  and  saliva  be  alkaline.  The  ptyalin  acts  quite  as 
well  in  a  neutral  as  in  a  faintly  alkaline  medium.  Even  a  weak 
acid  reaction  does  not  stop-^though  it  retards — the  action  of  the 
enzyme,  provided  the  acid  be  an  organic  acid  like  lactic  acid. 
When  HCl  is  combined  with  a  proteid,  as  acid-albumin  or  syn- 
tonin,  it  will  cause  an  acid  reaction,  but  when  the  reaction  is  only 
faintly  acid  the  action  of  the  ptyalin  may  proceed,  though  at  a 
slower  rate.  Free  HCl  will,  however,  stop  the  action  of  the 
ptyalin  and  destroy  it  when  it  is  present  in  even  so  small  a  propor- 
tion as  0.008  j)er  cent.  (Chittenden,  in  Studies  from  the  Lab,  of 
Physiol,  Chem,  Vcde,\ol.  I.,  1884).  The  free  use  of  sour  pickles 
and  acid  drinks  must  retard  the  action  of  the  ptyalin.  In  the 
light  of  what  will  follow  (e)  it  is  evident  that  these  acid  foods  may 
be  taken  late  in  a  meal  with  less  effect  upon  salivary  digestion 
than  when  taken  early  in  a  meal. 

e.  The  Time  of  Salivary  Digestion. 

The  food  is  retained  in  the  mouth  not  more  than  one  minute  at 
the  lonjjest.  In  this  time  the  change  has  only  begun,  even  when 
all  the  conditions  are  most  favorable.  The  hydrochloric  acid  of 
the  ^.istric  juice  is  not  present  in  the  stomach  until  the  stimulating 
presence  of  foo<l  induces  its  secretion.  After  it  begins  to  be  se- 
creted some  minutes  elapse  before  the  quantity  of  combined  acid 
is  sutHeient  to  essentially  retard  the  salivary  digestion.  It  is  esti- 
mated that  from  .*)0  minutes  to  45  minutes,  or  even  more^  may 
elapse  before  salivary  digestion  is  wholly  suspended  by  the  ac- 
euninlation  of //w  IK'l. 

The  follo\vin<j^  conditions  favor  a  prolongation  of  the  time  of 
salivary  ditrestion  :  (i)  The  retardation  of  the  secretion  of  hydro- 
chloric acid.  Nothing  so  (juickly  brings  about  a  secretion  of  this 
acid  as  a  glass  of  cold  water.  It  is  evident  then  that  the  drink- 
ing of  water  at  the  beginning  of  a  meal  will  tend  to  shorten  the 
j)eriod  of  salivary  digestion,    (ii)  The  retardation  of  the  per- 
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meation  of  the  food  by  the  acid.  If  the  food  if^  semi-solid  the 
acid  permeates  it  slowly ;  if  it  is  fluid  the  acid  becomes  readily 
mixed  by  diffusion  as  well  as  by  movements  of  the  stomach. 

Soups  and  drinks  bring  the  contents  of  the  stomach  into  a 
soupy  mass  which  is  readily  acidified  as  soon  as  the  HCl  begins 
to  be  secreted.  In  this  case  again  fluids  at  the  beginning  of  the 
meal  are  unfavorable  to  the  prolongation  of  the  time  of  salivary 
digestion. 

It  is  doubtful  if  in  the  average  case  there  is  any  advantage  in 
thus  prolonging  salivary  digestion.  The  amylopsin  of  the  pan- 
creatic juice  is  a  more  active  amylolytic  enzyme  than  is  ptyalin, 
and  it  has  all  the  time  necessary  for  its  action  without  encroach- 
ing upon  the  time  of  other  digestive  processes. 

4.  MASTIOATION.i 

This  process  is  a  purely  mechanical  and  physical  one  which  is 
wholly  a  voluntary  one.  With  this  process  are  associated  those 
gustatory  sensations  and  perceptions  which  are  so  enjoyable  to 
most  of  mankind.  The  movements  of  the  jaws,  cheeks  and  tongue 
stimulate  the  flow  of  saliva  and  insure  the  thorough  mixing  of  that 
secretion  wuth  the  food  (imalivation).  The  insalivation  of  the 
food  produces  three  effects :  (i)  To  digest  with  ptyalin  the  starch 
of  the  food ;  (ii)  to  lubrimte  with  mucus  the  mass  of  food,  thus 
preparing  it  for  deglutition ;  (iii)  to  dissolve  with  the  water  of  the 
saliva  the  soluble  portions  of  the  food, — salt,  sugar,  etc. 

In  the  discussion  of  the  factors  which  influence  salivary  diges- 
tion the  im])ortance  of  the  division  of  the  food  into  fine  particles 
was  mentioned.  It  is  quite  as  important  in  digestion  by  the 
other  digestive  fluids  that  the  food  be  triturated.  The  enzyme 
gets  access  only  to  the  surface  of  the  particles  of  food  if  the  same 
volume  of  food  present  twice  the  surface  one  would  expect  it  to 
digest  in  one-half  the  time,  and  such  is  approximately  the  case. 
Eight  1  mm.  cubes  of  coagulated  egg  albumin  \vould  contain  the 
same  amount  of  albumin  as  one  2  mm.  cube.  They  would  aggre- 
gate twice  the  surface,  and  the  time  of  digestion  would  be  aj)- 
proximately  half  as  long  in  the  case  of  the  1  mm.  cubes  as  in  the 
case  of  the  2  mm.  cubes. 

The  struct  ares  invoiced  in  maHficaflon  may  be  classified  as  skeletal, 
muscular  and  nervous. 

*  It  i8  propost'd  to  discuss  the  movements  of  the  different  segments  of  the 
alimentary  canal  in  connection  with  the  di^restive  chan^^es  eflc*cted  in  tlie  si'veral 
portions,  progressing  step  hv  step  from  the  oral  to  the  anal  end  of  the  tract.  The 
movements  of  the  mouth  are  an  important  factor  in  s;divarv  digestion.  Tlie 
movements  of  the  stomach  influence  g:istric  digestion  profoundly,  and  the  move- 
ments of  tlie  intestine  influence  not  only  digestion,  but  also  abs<»rption  in  that 
83gment  of  the  canal. 
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a.  The  Skeletal  Structures  of  Mastication. 

These  include  the  maxillarj'  bones  as  representatives  of  the 
endoskeleton,  and  the  teeth  as  representatives  of  the  exoskeleton. 
The  development  of  the  teeth,  in  the  race  and  the  individual,  has 
been  treated  above.  The  function  of  mastication  is  variously 
specialized  in  different  orders  of  mammals.  It  reaches  its  highest 
development  in  herbivora — whose  food  is  difficult  to  masticate 
and  yet  requires  the  finest  trituration  in  order  to  be  digestible. 
The  teeth  of  herbivora  are  the  most  perfect  dental  organs  in  the 
animal  kingdom.  The  incisors  are  cupped  and  the  molars  have 
alternating  ridges  of  dentine  and  enamel,  and  are  self  sharpen- 
ing. The  carnivorous  animals  bolt  their  food  with  little  chewing. 
The  teeth  which  are  well  developed  are  the  great,  prehensile 
canines  and  the  trenchant  molars  which  are  especially  adapted  for 
breaking  the  bones  of  the  prey.  The  omnivorous  animals,  to 
which  kind  man  belongs,  jwssess  edged  iucisorM ;  meager  can- 
ines, scarcely  prehensile  in  man,  though  distinctly  so  in  the  go- 
rilla ;  and  molars  with  rounded  cusps  well  adapted  to  crush, 
l)ut  not  at  all  capable  of  cutting  the  food.  The  movements  of 
the  jaws  differ  distinctly  in  the  different  orders  of  animals  above. 
The  chopping  movement  is  peculiar  to  the  carnivora  ;  the  herbiv- 
ora give  the  mandible  a  wide  lateral,  and  antero-posterior  excur- 
sion, while  the  omnivora  possess  all  of  these  movements  in  a 
moderate  degree. 

h.  The  Muscles  and  Nerves  of  Mastication 

inchule  : 

(ft)  The  fr.vors  or  levators  of  the  mandible  :  (i)  The  masseter  ; 
(  ri  )  the  temporal,  and  (iii)  the  internal  pterygoids.  All  of  these 
are  innervated  through  the  inferior  maxillary  division  of  the  fifth 
eranial  nerve. 

(/>)  TIkj  (\ctrns(H'f<  or  depressors  of  the  mandible  :  (i)  The  di- 
trastrie  ;  (ii)  the  mylo-hyoid,  and  (ill)  the  genio-hyoid.  (i)  and 
(ii)  innervated  l)y  the  inf.  max.  division  of  the  V,  and  (ill)  inner- 
vated l)y  the  hypoglossal. 

((•)  The  hitcnil  inoremcnfs  of  the  jaws  are  produced  by  the  alter- 
itftfr  action  of  the  external  pterygoids. — Inf.  max.  div.  of  V. 

(//)  ProtnuUrs  of  the  niamUhle :  The  external  pterygoids  acting 
tiKjcthrr. 

(r)  licfracfor  of  the  mandible:  The  posterior  portion  of  the 
t(Mnporal. 

(  f)  The  vlurk  and  lip  mnscles :  Buccinator  and  orbicularis 
oris,  innervated  by  the  buccal  branch  of  the  facialis. 

(7)  The  linffnal  muHclcs  innervated  by  the  lingual  branch  of  the 
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inferior  maxillary  division  of  the  trigeminus  and  by  the  hyjK)- 
glossus. 

c.  The  Process  of  Mastication. 

The  food  is  cat  by  the  incisors  and  crushed  between  the 
molars.  The  cheeks  and  tongue  assist  in  bringing  the  food  be- 
tween the  molars.  The  movements  of  the  masticatory  apparatus 
in  itself  tends  to  stimulate  the  flow  of  saliva;  the  presence  of 
food,  esi)ecially  acid,  sweet  or  dry  food,  tends  also  to  stimulate 
the  secretion  of  saliva. 

The  movements  of  mastication  mix  the  saliva  thoroughly  with 
the  food.  The  gustatory  apparatus  is  stimulated  by  all  substances 
which  are  soluble  in  water,  and  the  olfactory  apparatus  by  all 
volatile  substances.  The  sensations  derived  from  these  two 
sense  organs  make  up  the  so-called  "  tastes and  "  flavors  "  of 
the  foods.  The  pleasure  derived  from  eating  consists  :  (i)  in  the 
satisfying  of  the  hunger,  (ii)  in  the  enjoyment  of  the  tastes  and 
flavors.  Hunger  seems  to  be  nature's  warning  of  need  for  nutri- 
ment ;  while  the  pleasures  of  the  taste  and  smell,  besides  assisting 
the  animal  in  the  choice  of  food,  repay  the  animal  for  a  thorough 
mastication  of  it. 

5.  DEGLUTITION. 

After  the  food  is  made  ready  for  the  stomach,  by  mastication, 
it  is  gathered,  by  the  tongue,  into  a  bolus  or  rounded  mass  be- 
tween the  tongue  and  the  hard  palate,  and  passed  back  to  the 
pharynx,  whose  walls  by  a  convulsive  reflex  act  pass  it  to  the 
oesophagus,  along  which  it  is  pressed,  by  a  peristaltic  wave,  into 
the  stomach.  The  whole  process  of  mmUowing  as  here  briefly 
outlined  is  called  (lef/lufifion.  The  length  of  time  required  to  per- 
form the  act  is  not  commensurate  with  its  complexity.  The  proc- 
ess may  be  analyzed  as  consisting  of  a  voluntarj'^  and  an  involun- 
tary part. 

a.  The  Voluntary  part  of  Deglutition. 

This  consists  in  (l)  the  fornudion  of  the  holm  by  the  cheeks, 
palate  and  tongue;  and  (ii)  in  the  pn^isinf/  of  the  holm  hackward 
through  the  istlimus  of  the  fauces,  /.  c,  between  the  anterior  pil- 
lars of  the  fauces  which  are  the  ridges  marking  the  location  of 
the  pala to-glossal  muscles.  Once  the  bolus  of  solid  food  (or  the 
"  swallow of  liquid)  passes  this  Ruhicon  there  is  no  turning 
back,  the  muscles  of  the  pharynx  grasp  it  reflexly  and  hurry  it 
forward  by  wholly  involuntary  processes.  The  muscles  and 
nerves  of  this  voluntary  initiatory  step  of  deglutition  have  been 
enumerated  under  nuistication  in  which  function  they  are  impor- 
tant factors. 
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b.  The  Involuntary  Part  of  Deglutition. 

This  consists  in  the  transit  of  the  bolus  through  the  pharj'nx  ; 
and  in  its  passage  along  the  oesophageal  canal. 

1.  Pharyngeal  Deglutition. — The  transit  of  the  food  through 
the  pharynx  is  attended  with  two  dangers,  namely,  the  danger  of 
a  falling  of  a  portion  into  the  larynx,  and  the  danger  of  regurgi- 
tation of  a  portion  into  the  posterior  nares.  Pharyngeal  degluti- 
tion consists,  then,  of  three  acts :  transportation  of  the  food ; 
guarding  against  a  false  passage  into  the  larynx  ;  guarding  against 
a  false  passage  into  the  posterior  nares. 

{a)  Transportation  of  the  food  through  the  pharynx  and  into 
the  oesophagus  is,  according  to  Kronecker  and  Sletzger  (Arch,/, 
Physiologie,  1883,  S.  828),  accomplished  in  two  phases,  a  projec- 
tion phme  and  a  clearing-up  phcme.  When  the  bolus  reaches  the 
isthmus  of  the  fauces  the  tongue  is  closely  approximated  to  the 
palate,  blocking  the  way  to  the  front.  A  convulsive  contraction 
of  the  mylo-hyoid  muscles  puts  the  bolus  under  pressure  and  pro- 
ject it  across  the  pharyngeal  cavity ;  the  way  is  cleared  by  the 
simultaneous  contraction  of  the  hyoglossi  muscles  which  move  the 
root  of  the  tongue  backward  and  downward.  This  movement  de- 
presses the  epiglottis  over  the  opening  of  the  larynx,  thus  guard- 
ing that  passage.  In  the  case  of  liquid  or  semi-solid  food  the 
entire  transit  of  both  pharynx  and  oesophagus  is  made  in  0.1 
second.  The  force  of  gravitation  assists  in  this  preliminary  act — 
the  projection  of  the  holm.  The  clearing-up  phme  of  pharyngeal 
deglutition  consists  in  a  general  peristaltic  constriction  passing 
from  above  downwards  and  beginning  0.3  second  after  the  con- 
striction of  the  mylo-hyoids. 

The  first  step  in  this  phase  consists  of  a  contraction  of  the  longi- 
tudinal ninsclos  of  the  pharynx  which  serves  to  pull  the  walls  of 
the  pharynx  toward  the  bolus  of  food.  The  se(X)nd  step  follows 
the  ^nardin<;  of  the  respiratory  openings. 

(/>)  Tin:  (ii  ARDiNCr  OF  TiiK  PosTKRioR  Xarrs  is  insured  by 
the  elevation  of  the  soft  palate  through  the  contraction  of  the 
hn  ator  palati  and  tensor  palati  muscles  ;  by  the  contraction  of  the 
palato-])haryn<^ei  muscles,  and  by  the  elevation  of  the  uvula 
through  the  azygos  uvulie  muscle. 

[r)  TiiK  (Ji  AUDiNG  OF  THK  Laryncjeal  Opening  is  insured 
in  part  i)y  tlie  depression  of  the  root  of  the  tongue  through  the 
liy(><;lossi  muscles  as  described  al)ove.  Supplementing  this  and 
lollowin<r  it  in  time  is  the  closure  of  the  larj'ngeal  ojKining  by  the 
adduction  of  the  vocal  cords.    (For  muscles  and  nerves  see  larynx.) 

The  se('(»nd  step  in  the  clearing-up  phase  of  food  transportation 
through  the  ])harynx  consists  of  a  jjeristaltic  action  of  the  con- 
st ri('t(>rs  of  the  pharynx.    By  this  last  act  of  pharyngeal  degluti- 
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tion  any  particles  of  food  and  any  accumulated  mucus  are  cleared 
from  the  pharynx  and  started  along  the  oesophagus. 

The  two  phases  of  deglutition  above  described  (projective  and 
clearing-up),  seem  to  play  parts  of  different  relative  importance 
according  to  the  physical  condition  of  different  foods.  In  the 
case  of  liquid  or  very  soft  food  the  projection  phase  is  the  more 
important. 

In  drinking  the  cycle  of  swallowing  acts  follow  in  such  rapid 
succession  that  there  is  not  time  for  one  to  be  completed  before 
another  is  induced.  Through  the  influence  of  the  central  nervous 
system  all  that  portion  of  one  deglutition,  incompleted  when  a 
second  deglutition  supervenes,  is  suspended  or  inhibited. 

Kronecker  and  Meltzer  found  that  about  1.2  seconds  elapse 
between  the  beginning  of  the  contraction  of  the  mylo-hyoid  and 
the  beginning  of  the  contraction  of  the  upper  segment  of  the 
oesophagus.  There  would  be  five  complete  pharyngeal  acts  in  six 
seconds ;  this  is  just  about  the  usual  rate  of  deglutition  when 
drinking.  The  (esophageal  peristaltic  waves  must  then  he  sus- 
pended during  the  progress  of  drinking.  The  observers  cited 
found,  furthermore,  that  the  constrictors  of  the  pharynx,  though 
they  would  have  time  to  contract,  actually  remain  at  rest ;  the  deg- 
lutition being  in  this  case  a  series  of  projections  followed  at  the 
end  by  a  clearing-up  contraction  of  pharynx  and  oesophagus. 

In  the  case  of  solid  food  in  a  well-formed  bolus  of  considerable 
consistency  the  clearing-up  phase  always  follows  the  projection  of 
the  bolus  across  the  pharyngeal  cavity. 

2.  (Esophageal  Deglutition. — The  bolus  is  passed  along 
the  oesophagus  by  a  peristalsis  which  differs  from  peristalsis  of 
the  lower  segments  of  the  alimentary  canal  in  being  more  under 
the  immediate  control  of  the  central  nervous  system,  as  evi- 
denced by  the  fact  that  removal  of  a  segment  of  the  resoj>hagus 
does  not  block  the  progress  of  the  peristal-^is,  while  the  severing 
of  a  nerve  suspends  the  peristalsis  in  the  segment  supplied  by  the 
severed  nerve. 

c.  The  Influence  of  the  Nervous  System  upon  Deglutition. 

[(f)  TiiK  Ckxteii  for  involuntary  pharyngeal  and  oesophageal 
deglutition  lies  in  the  upj)er  end  of  the  medulla,  anterior  to  the 
respiratory  center.  The  boundaries  of  the  center  have  not  been 
clearly  defined. 

(/>)  Tjik  Affehknt  or  Sensokv  lMi>rESEs  which  precipitate 
the  act  of  involuntary  deglutition  reach  the  center  througli  the 
pharyngeal  and  the  superior  laryngeal  branches  of  the  nif/ns^  and 
the  palatal  branches  of  the  suj)eri()r  maxillary  divisions  of  the 
trir/cmlniiti.  The  contact  of  the  bolus  of  food  witli  the  mucous 
membrane  supj)lied  by  the  above-named  nerves  is  a  sutHeiont 
stimulus  normally. 
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(c)  The  Efferent  or  Motor  Impulses  which  put  the  muscles 
of  deglutition  into  activity  are  the  hypogloHsal  to  the  tongue  and 
to  the  muscles  which  raise  the  larynx,  the  gloHHo-pharyngeoJj  vagxi^^ 
facial  and  trigeminus  to  the  jxikde,  fauces  and  pharj'nx,  and  the 
vagu^  to  the  larj-nx  and  oesophagus. 

B.  GASTRIC  DIGESTION. 
1.  THE  QASTBIO  JUICE. 
a.  The  Secretion  of  Gastric  Juice. 

1.  The  Structure  of  the  Gastric  Glands. — The  general  fea- 
tures of  the  secretion  of  gastric  juice  are  the  same  as  those  of  the 
secretion  of  saliva.  The  differences  are  specific  rather  than  gen- 
eric and  are  incident  to  the  location  and  the  8i)ecialized  function. 

The  gastric  glands  are  usually  classified  as  cardiac  and  pyloric, 
because  the  glands  of  these  two  regions  differ  both  functionally 
and  structurally.  The  wirdiac  glands  (see  Fig.  171)  possess  two 
kinds  of  active  cells,  the  chief  or  central  cells  and  the  2}ari' 
etal  cells. 

The  columnar  central  cells  are  filled  with  a  fine  reticulum,  and 
possess  an  amount  of  granular  matter  varying  with  the  phase  of 
activity.  The  discoidal  or  crescentic  parietal  cells  do  not  lie  be- 
side the  main  lumen  of  the  gland,  but  each  cell  possesses  a  di- 
verticulum from  the  main  lumen.    (See  Fig.  172.) 

Besides  the  diverticula  shown  in  Fig.  172  there  are  minute 
capillarv  branches  of  each  diverticulum,  which  surround  the 
])arietal  cells.    (See  Fig.  173.) 

There  has  been  some  controversy  about  the  function  of 
those  cells.  The  following  facts  deserve  consideration  in  this 
eoniicetioii :  (i)  Tlie  cells  vary  in  size  during  different  phases 
of  glandular  activity,  being  larger  at  the  beginning  than  at  the 
cud  of  secretion,  (ii)  Kaeh  cell  is  provided  with  a  special  sys- 
tem of  little  ducts  or  luniena.  (in)  The  parietal  cells  are  the 
only  cells  peculiar  to  the  cardiac  end  of  the  stomach,  (iv)  The 
secretion  from  tlic  cardiac  end  of  the  stomach  contains  hydro- 
cliloric  aci»l,  wliile  the  secretion  from  the  pyloric  end  of  the 
stoMiacli  contains  no  hydrochloric  acid.  This  was  demonstrated 
by  Heidenhain,  who  separated  the  two  jwrtions  of  the  stomach, 
<z;iving  eacli  in  turn  an  external  fistulous  opening.  From  the 
cardiac  end  of  the  stomach  only  was  the  secretion  acid  in  reac- 
tion. These  facts  seem  to  justify  the  following  inferences : 
(I)  The  parietal  cells  are  directly  associated  in  the  function  of  se- 
cretion of  gastric  juice,  (ii)  They  secrete  a  liquid  that  must  find 
its  way  into  the  main  lumen  of  the  gland,  (ill)  They  secrete  a 
licjuid  peculiar  to  the  secretion  of  the  cardiac  end  of  the  stomach. 
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(iv)  Hydrochloric  acid  being  the  only  liquid  peculiar  to  the 
cardiac  end  of  the  stomach,  the  parietal  cells  musty  therefore,  secrete 
hydrochlork  acid.  This  course  of  reasoning  is  sufficiently  con- 
vincing to  satisfy  most  physiologists  of  the  probability  that  in  the 
parietal  cells  we  see  the  site  of  the  formation  of  hydrochloric,  but 
it  is  reasoning  by  exclusion  and  cannot  be  accepted  as  an  absolute 
demonstration. 

The  central  cells  are  common  to  the  cardiac  and  the  pyloric 
glands.  The  secretion  of  pepsin  is  a  function  common  to  the 
cardiac  and  pyloric  ends  of  the  stomach. 
The  central  cells  of  these  glands  are  larger 
at  the  beginning  than  at  the  end  of  secre- 
tion. They  contjiin  many  granules  at  the 
beginning  of  secretion  and  few  at  the  end  of 
that  ])rocess.  There  can  be  little  doubt  that 
the  pepsin  of  the  gastric  juice  is  formed  in 
the  central  or  chief  cells  of  the  cardiac  and 
pyloric  glands. 

The  pyloric  glands  differ  from  the  cardiac 
glands,  first  in  general  form — the  ducts  of 
pyloric  glands  being  long  and  relatively 
wide.  Into  this  duct  empty  several  more 
or  less  tortuous  tubules  (See  Fig.  174). 

2.  The  Secretion  of  Pepsin. — This  is 
one  of  the  essential  constituents  of  the  gas- 
tric juice  and  its  formation  within  the  cells 
corresponds  closely  to  the  formation  of  the 
ptyalin  in  the  cells  of  the  salivary  glands. 
The  granules  formed  in  the  cells  during  the 
jHTiod  of  rest  re])resent  a  mother-substance 
of  pepsin  or  a  zymogen  which  has  been  called 
jtcpsinof/cn.  During  the  secretion  of  gas- 
trie  juice  the  zymogen  is  subjected  to  a  fur- 
tlier  metabolism  which  changes  it  to  pepsin  ; 
at  any  rate  jx^psin  is  one  product  of  this  final 
metal M)lisni.  The  pepsin-secreting  power  of 
the  pyloric  glands  is  much  below  that  of  the 
eanliae  glancL 

that  any  pepsin  found  in  the  pyloric  seg 
nient  of  the  stomach,  or  extracted  from  the 
mucous  memi)rane  of  that  segment  was  se- 
creted by  the  cardiac  glands  and  simply  absorl)ed  by  the  pyloric 
mucous  membrane,  or  tiiken  up  by  "  injUtrationy  Heidenhain's 
investigations  have,  however,  demonstrated  conclusively  that 
jn  j)sin  is  secreted  hi/  the  pyloric  (/lands. 

^  Wassinann.  J)t'  dujeMione  monmda^^  Bcrolini,  1839  ;  Von  AVittich,  ^*Uber 
(lit-  Pepsin  wirkun^  der  Idioms  driisen,"  Arch,  f,  d.  ges.  Physiologies  Bonn,  1873. 


,  ,    .  Ill  1      A  pyloric  gland,  from  a  sec- 

It  IS  cont^'udea  by  some    Uou  of  the  dog's  stomach. 

(KiiSTEiN.)  wi,  mouth;  n, 
neck  ;  tr,  a  deep  portion  of  a 
tubule     cut  transverHely. 

(S<-|IAKFER.) 
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3.  The  Secretion  of  Rennin. — Much  that  has  been  said 
regarding  the  secretion  of  pepsin  is  equally  true  for  the  milk- 
curdling  enzyme,  rennin,  Rennin  is  secreted  by  the  central  or 
chief  cells  of  the  cardiac  and  pyloric  glands.  It  is  secreted  more 
abundantly  by  the  cardiac  than  by  the  pyloric  glands.  It  exists 
in  the  gland  cells  in  a  granular  zymogen  (renninogen)  which  may 
be  extracted  as  such  and  then  changed  to  the  active  form,  rennin. 
In  fact,  the  first  zymogen  found  was  that  of  rennin.*  The 
granules  of  j^epsinogen  and  renninogen  exist  together  in  the  gland 
cells  and  it  is  impossible  to  differentiate  them  morphologically. 
They  may,  however,  be  separated  chemically. 

4. '  The  Secretion  of  Hydrochloric  Acid.  —  Hydrochloric 
acid  is  almost  without  doubt  secreted  by  the  parietal  cells  of  the 
cardiac  glands.  From  what  materials  and  by  what  process  the 
acid  is  formed  is  an  undecided  question. 

"  There  is  little  doubt  that  the  material  for  the  formation  of  the 
HCl  is  the  sodium  chloride,  which  forms  a  large  part  of  the  ash 
or  blood  and  lymph.  The  plasma  and  lymph  is  alkaline  through 
presence  of  sodium  carbonate.  How  can  chlorine  be  liberated 
from  the  sodium  chloride  of  the  alkaline  plasma?  Only  two 
methods  are  possible :  1st,  either  the  CI  must  be  separated  from 
Na  through  some  active  energy  as  electricity, — in  electrolysis, — 
or,  2d,  the  CI  must  be  displaced  by  another  acid.  There  is  no 
ground  for  believing  that  the  separation  is  effected  by  electricity 
(Bunge  :  Physiological  Chemistry).  But  it  is  generally  believed 
that  only  a  stronger  acid  can  displace  a  weaker  one.  In  1871 
Julius  Thomsen  demonstrated  that  "  every  acid  can  displace,  from 
its  combination  with  any  base,  a  part  of  any  other  acid.''  (J. 
Thomsen,  "  Thermo-chcmische  l^ntersuchungen,"  Po(/(/endorff 
Ann,,  I4l\y  1871.)  Tliis  ability  is  not  through  affinity  alone  but 
through  another  characteristic  which  Thomsen  called  "  ariflif  i/.^^ 
When  equal  parts  of  HCl  and  acetic  acid  act  together  u|X)n  Xa^CCX^ 
in  aqueous  solution  only  -J^  of  the  Na  will  combine  with  the  acetic 
acid  ;  so  the  latter  acid  has  only  the  (irirlifi/  of  HCl.  But  if 
the  ])rojK>rtion  of  acetic  acid  be  increased,  more  than  of  the  Na 
will  combine  as  sodium  acetate  ;  and  the  more,  the  greater  the  pre- 
ponderance of  acetic  acid.- 

* Iluimnersten,  Jahr(.»sbor.  iib.  d.  Fortsclir.  d.  Tliior. -Chora.,  Wit»sbadon,  1872. 
*  As  an  example  of       above  let  lis  take  eiiual  j)arts  of  these  aci<ls  and  Na-^'O,, 
in  excess.    The  foUowing  e<iuation  would  represent  the  rehitions  in  question  : 

-|-3.>  llX)  +  :v^  CO,. 

Now  if  tlie  avidity  of  C,1I,0.,-II  is  only  that  of  IICI  then  let  us  take  :U 
times  as  many  molecules  of  tlie  former  as  of  the  latter  :  The  following  cipiation 
would  represent  the  relations  in  (piesti(m  : 

HCl  )  vorr^  —  'Nii^'l         ^    ■  •  IT  n  (\) 

34  CjHaO/II  ,  *^*^A^'3  -  ^  Xa  C,!^),  )       3.3  C.IIaO.  II  j  '   '  ' 
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This  displacement  of  a  stronger  acid  by  a  weaker  one  when  the 
latter  is  increased  in  proportion  is  called  the  "  mass-effect "  of  weak 
acids.  "  Even  COg  (or  HjCOS)  one  of  the  weakest  acids,  must  be 
able  through  ma^  effect  to  displace  a  small  part  of  any  other  acid  " 
(Bunge).    The  reaction  might  be  written  thus  : 

2  NaCl  +  1000  H^CO,  =  ggQH^COj  +  2HC1  +  Na^CXDj. 

Maly,  —  followed  by  Halliburton, — has  suggested  that  the 
CaClg  and  NajHPO^  of  the  blood  are  brought  together  in  the  se- 
creting cells  and  form  the  following  reaction  : 

2  Na,HPO,  -f  3  CaCl^  =  Ca3(PO,),  +  4  NaCl  -f-  2  HCl. 

Maly  also  suggested  the  following  reaction  as  an  alternative  : 

XaH^PO,  +  XaCl  =  Xa^HPO,  +  HCl. 

That  any  one  of  these  reactions  occurs  has  not  been  demon- 
strated. Most  physiologists  believe  that  the  chlorine  is  liberated 
chemically  in  some  way  from  one  of  the  chlorides  of  the  blood. 
But,  as  Bunge  says,  "  There  is  less  obscurity  in  the  liberation  of 
free  HCl  than  in  the  ability  of  the  parietal  cells  to  secrete  the  HCl 
toward  the  lumen  of  the  gland  and  discharge  the  other  products 
toward  the  blood."  In  other  words,  even  after  we  have  ac- 
counte<l  chemically  for  the  formation  of  the  hydrochloric  acid  we 
will  still  have  to  fall  back  upon  the  vital  activity  of  the  cell  to 
account  for  its  ability  to  select  from  the  blood  the  compounds 
needed  in  the  reaction,  and  to  return  to  the  blood  a  part  of  the 
products  of  the  reaction  while  another  part  is  secreted  into  the 
lumen  of  the  gland. 

The  Influence  of  the  Nervous  System  Upon  the  Se- 
cretion of  the  Gastric  Juice. — Recall  the  innervation  of  the 
stomach  :  (i)  The  left  vagus  distributed  to  the  smaller  curvature 
superficially  ;  the  right  vagus  passing  behind  the  viscus  and  in- 
corporated in  the  solar  ])lexus,  in  part  to  return,  accomjmnied  by 
sympathetic  libers  from  the  splauchnics,  and  distributed  to  the 
♦rrcatcr  curvature  superficially,  (ii)  The  gangliated  plexm  of 
Ancrhach  lying  between  the  muscular  coats  of  the  stomach,  (ill) 
The  gangliated  jtlexus  of  JfrifMiur  lying  in  the  submucosa.  (iv) 
The  spe<'ial  plexuses  of  Openchowski,*  which  innervate  the  cardia 
and  j)i//orns. 

Note  that  the  innervation  is  (rrchni/  and  Mt/m^Hifhetic  ;  thus  far 
it  is  like  the  innervation  of  the  salivary  glands.  Note,  further, 
that  there  are  present  in  the  stomach  at  least  two  distinct  diffuse, 

'"l\'lH'r  (He  iuTvr>st.'n  Vorrichtiuigen  den  MaKcns,"  Cenlralhl.  f.  Phyniol.j 
1SS«»,  H.  111. 
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gangliated  plexuses.  Granglia  represent  either  relay  stations  or 
reflex  centers,  or  both.  Organs  which  are  richly  supplied  with 
ganglia  are  asually  somewhat  independent  of  the  central  nervous 
system,  and  respond  readily  to  local  influences. 

To  Pawlow  ^  we  are  indebted  for  a  solution  of  the  problem  con- 
cerning the  function  of  the  various  nerves  which  supply  the 
stomach.  Pawlow  divided  the  oesophagus  in  the  dogs  on  which 
he  operated,  making  a  double  listuloas  opening  on  the  neck. 
This  enabled  him  to  feed  the  dogs  by  mouth,  but  diverted  the  swal- 
lowed food  so  that  it  did  not  reach  the  stomach.  This  he  called 
pseudo-feeding,^^  Through  the  distal  end  of  the  oesophagus  he 
was  able  to  introduce  into  the  stomach  food  which  had  not  been  in 
the  mouth — true  feeding. A  third  variation  consisted  in  pre- 
senting to  the  longing  eyes  and  nose  of  the  animal  food  which  he 
was  allowed  to  receive  into  neither  mouth  nor  stomach — ^'psychic 
feedingJ^ 

The  following  results  were  obtained  :  (i)  After  feeding,  whether 
psychic,  pseudo,  or  true  feeding,  gastric  juice  is  freely  secreted. 

But  in  the  case  of  psychic  feeding,  after  the  dog  learned  by  ex- 
perience that  the  food  presented  was  not  actually  to  be  given  him 
the  secretion  did  not  take  place,  (u)  A  latent  period  elapses  be- 
tween the  beginning  of  stimulation  and  the  b^inning  of  secretion, 
(ill)  Tlie  latent  periods  for  the  three  diflerent  methods  do  not 
differ  essentially  (about  7  min.  in  the  dog). 

These  facts  point  directly  to  the  central  nervous  system  as  the 
strongest  factor  in  inducing  and  controlling  the  secretion  of  gastric 
juice. 

Pawlow  varied  his  experiments  by  severing  in  turn  the  sym- 
pathetic and  the  vagus  innervation  :  (iv)  Cutting  off  the  influ- 
ence of  the  sympathetic  system  through  the  splanchnic  did  not 
stop  the  secretion  of  gastric  juice  when  the  proper  stimulus  was 
applied  in  one  of  tlie  forms  of  feeding,  (v)  Cutting  off  the  direct 
influence  of  the  brain  through  the  vagi  stopped  all  reflex  secretion 
of  gastric  juice,  though  the  severing  of  one  vagus  did  not  suffice 
to  pnKluce  this  effect,  (vii)  Stimulation  of  the  distal  ends  of  the 
divided  vagi  caused  secretion  of  gastric  juice. 

The  inferences  to  he  drawn  from  these  observations  are  obvious. 

That  the  mechanical  stimulation  of  the  mucous  membrane  by 
the  contiict  of  the  solid  food  causes  little  secretion  is  demonstrated 
by  Pawlow's  experiment,  in  which  pebbles  were  introduced  into 
the  stomach  followed  by  no  mcasureable  secretion.  After  a  series 
of  experiments  Ileidenhain  (Arch,  f.  d,  gca,  Phj/.sioiy  1879,  Bd. 
XIX.)  concluded  thixt^^  ('(rt(ii)i  jjrodncf^  of  dif/csflon  when  dhsorhcd 
stimukiff  fhe  ffoH-  (tf  f/a.^frir  Jnirr        Cliischin  (luaug.  Dissertation, 

***I)ie  Innervation  der  Ma^endriisen  Ijeini  Ilunde,''  Archiv  fiir  PhfyioL, 
Leipzig, 
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St.  Petersburg,  1894.  Quoted  from  Edkins,  in  Schaefer's  Text- 
book of  Physiolog)')  after  experimenting  with  various  foods  and 
products  of  digestion  sums  up  the  question  thus  :  At  the  time 
of  taking  food  the  first  flow  of  gastric  juice  is  determined  by  the  reflex 
psychic  inAuent*es  involved  in  taking  food.  The  digested  proteids 
— (peptones) — are  able  later  to  evoke  a  secretion  at  a  time  presumably 
when  the  psychic  influence  begins  to  wane.'^  (Edkins.)  This  sug- 
gested the  introduction  of  peptone  per  os.  The  experiment  re- 
sulted in  an  immediate  secretion  of  large  quantities  of  gastric 
juice  with  high  acidity  and  well  marked  digestive  powers.  The 
therapeutic  significance  of  this  observation  is  apparent. 

Different  foods  influence  in  a  different  manner  the  secretion  of 
the  gastric  juice.  When  bread  alone  is  taken  the  gastric  juice 
possesses  a  ^'  low  acidity  but  a  high  degree  of  peptic  power ; 
whereas  with  milk  a  high  degree  of  acidity  i.s  shown  but  a  much 
lower  degree  of  digestive  (peptonizing)  power."  (Edkins.)  At- 
tempts to  systematize  effects  of  a  mixed  menu  have  been  unsuc- 
cessful. 

b.  Chemical  Oomposition  of  the  Gastric  Juice. 

The  most  reliable  complete  analyses  of  gastric  juice  are  those 
made  by  Carl  Schmidt.'  The  human  gastric  juice  was  collected 
from  a  healthy  woman  who  had  a  i)ermanent  gastric  fistula  made 
necessary  by  a  traumatic  stricture  of  the  oesophagus.  The  anal- 
ysis of  gastric  juice  from  the  carnivorous  animal  is  the  mean  of  ten 
determinations  from  a  dog  whose  salivary  ducts  had  been  ligated. 
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WatlT. 
S.lids. 

( •rgaiiii". 

I'rjKxin,  Ufiinin,  Mjicin.  etc. 
luor^Miiic. 
IICl 
NiHl 
KCl 

Nil, (I 

1 « ro 


H  I'M  AN. 


1)9.440 
U.560 
0.319 


0.146 

o.or>5 

0.006 


0.013 


IKm*. 


97.306 
2.694 
1.713 

0.981 
0.3:i4 
0.250 
0.112 
0.026 
0.047 
0.171 
0.023 
0.008 


Note  that  the  principal  organic  substances  are  the  enzymes. 
Mucin  is  always  a  constituent  of  the  secretion  of  a  mucous  mem- 
brane. Among  the  salts  one  notes  the  presence  of  chlorides  and 
])hospliates  but  the  absence  of  carbonates  which  formed  an  imjx)r- 

'  (Quoted  from  Maly  in  Hermann's  Ilandbuch,  Bel.  V.,  ^  2,  570. 

*  For  SOUR'  unaccountable  reanon  the  analysis  of  Schmidt  gives  IICl  as  0.02  per 
cent,  wincli  is  about  one-Hfteenth  the  quantity  which  Bunge  (Physiol,  chemie) 
reports  as  the  result  of  repeatefl  tests  of  the  itCl  content  of  gastnc  juice.  We 
may,  tlierefore,  accept  the  (luanlity  of  IICl  as  being  about  0.8  jwr  cent. 
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tant  constituent  of  the  saliva  causing  its  alkalinity.  The  acidity 
of  the  gastric  juice  is  not  always  due  to  HCl,  but  frequently  to 
lactic  acid,  which  is  the  product  of  a  lactic  acid  fermentation 
which  takes  place  in  the  contents  of  the  stomach.  Note  that  the 
gastric  juice  of  the  dog  is  much  richer  in  both  organic  and  inor- 
ganic constituents  than  is  human  gastric  juice.  The  HCl  in  the 
gastric  juice  of  the  dog  ranges  from  0.3  per  cent,  to  0.5  per 
cent.  That  it  should  be  stronger  is  to  be  expected  first  because 
the  diet  of  the  carnivorous  animal  is  largely  a  proteid  diet  which 
must  follow  either  an  acid  pepsin  digestion  or  a  trypsin  digestion. 
The  bones  which  carnivorous  animals  eat  can  only  l>e  digested  by 
a  strongly  acid  gastric  juice. 

2.  THE  CHEMISTRY  OF  GASTRIC  DIGESTION. 

Experiment  shows  that  the  active  agents  of  tlie  gastric  juice  are 
the  enzymes  and  the  acid. 

If  a  typical  proteid,  such  as  coagulated  egg-albumin,  be  put 
into  a  neutral  solution  of  pepsin  it  will  not  be  dissolved. 

If  a  proteid  be  put  into  a  0.1-0.3  per  cent.  HCl  solution  it 
will  be  modified  both  physically  and  chemically — it  will  swell  up 
and  become  clearer,  some  proteids  actually  passing  into  a  clear 
solution.  The  chemical  change,  though  not  understood  in  detail, 
is  recognized  as  a  chemical  association,  or  possibly  a  typicjil  chem- 
ical combination  of  the  HCl  molecule  ^vith  the  proteid  molecule. 
Such  a  comj)ound  is  called  an  albuminate  and  is  classified  as  one  of 
the  derived  proteids.  This  particular  albuminate  is  cjilled  acid- 
albumin,  or  sj/tttonin.  Acid-albumin,  or  syntonin,  is  precipitated 
by  neutralizing  the  solution.  It  can  be  re-dissolved  by  weak  acid 
or  be  converted  into  alkali-alhumin  by  weak  alkali. 

It  must  be  evident  from  the  above  that  of  the  active  agents  the 
acid  must  act  first  \i\K)n  the  albumin  and  globulin  classes  of  pro- 
teids. If  one  bring  gastric  juice— either  secreted  or  artificial — 
into  contact  with  a  native  proteid  under  favorable  conditions  the 
proteids  will  be  rapidly  changed  to  syntonin.  Upon  this  syntonin 
the  pepsin  acts,  inducing  a  series  of  hydrolytic  cleavages. 

As  in  the  hydrolytic  cleavages  which  starch  undergoes  under 
the  infiuenee  of  ptyalin,  so  here  the  process  represents  several 
sti'ps.  Just  how  many  steps  there  are  between  the  acid-albumin 
or  syntonin  and  the  final  product,  peptone,  is  still  an  open  (jues- 
tion.  The  mid-products  between  the  albuminates  and  the  pep- 
tones are  called  profeose.s  in  general.^ 

*The  mid-products  of  the  native  albumins  are  called  the  (ilhumoAe;* :  of  the 
globulins,  fflohiih.^'s ;  of  casein,  raikn noMe^t,  etc.,  etc.,.  but  these  distinctions,  ifjusti- 
hed  by  our  present  chemical  knowledije,  are  certainly  not  necessary  at  j)re8ent. 
Let  us,  theri'fore,  f^rouy)  all  of  the  mid-products  between  the  syntonins  and  the 
peptones  aa  protnjst'i*. 
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Of  the  proteoses  two  steps  have  been  demonstrated,  viz.,  pri- 
mary proteoses  and  secondary  proteoses.  The  secondary  proteoses 
are  appropriately  so-called  because  they  not  only  follow  the 
primary  proteoses  in  time,  but  are  derived  from  them.  The 
primary  proteoses  exist  in  two  chemically  separable  forms  named 
by  Xeumcister  (Lehrbuch  d.  physiol.  chemie)  profo-albumose^ 
(proto-proteoscs)  and  heterch<dbuinoHes  (hetero-proteoses). 

The  deutero-albumoses  exist  in  forms  which  are  not  chemically 
separable,  but  which  give  rise  to  a  series  of  peptones  also  insepa- 
rable chemically.  A  part  of  the  peptone  formed  by  peptic  prote- 
olysis undergoes  under  the  influence  of  trypsin,  further  change 
which  results  in  the  formation  of  tyrosin,  leucin  and  allied  ni- 
trogenous bodies.  The  other  pai*t  of  the  peptone  is  not  acted 
upon  by  trvpsin.  The  discoverv  led  to  Kiihne's  (Verhandb.  die 
Naturh.  Med.  Ver.  zu  Heidelberg,  1877,  Bd.  I.,  S.  233)  hy- 
pothesis, published  over  twenty  years  ago,  that  there  is  during 
peptic  proteolysis  a  cleavage  of  the  molecule  into  two  coordinate 
ones  which  he  designated  hemi-  and  «n^/-peptone,  etc.  Certain 
chemical  considerations  led  Kiihne  and  his  school  to  believe  that 
this  coordinate  clearar/e  takes  place  very  early  in  the  proteolysis 
and  that  once  the  cleavage  occurs  there  are  two  practically 
parallel  series  of  changes,  one  resulting  in  anti-albumoses  and 
anti-peptone,  the  other  resulting  in  hemi-albumoses,  hemi-pep- 
tone.  Two  decxides  of  investigation  by  Kiihne  and  his  pupils 
have  resulted  in  most  notable  contributions  to  the  subject  of 
peptic  and  tryptic  proteolysis,  and  the  chemistry  of  the  products 
of  proteolysis. 

The  hy|M>tliesis  of  Kiihne,  though  it  lias  formed  the  working 
basis  of  this  school  during  the  period  mentioned,  falls  far  short 
of  an  adc'cjiiato  denionstnition.  In  summing  up  the  vxperimentaf 
evidence  on  this  subject  Moore  says  in  his  chapter  on  **The 
Chemistrv  of  the  Digestive  Processes"  (Schiifer's  text-book  of 
Physiol.,  Vol.  I.,  p.  420):  "This  [the  series  of  proteolytic 
chancres]  is  all  easily  accounted  for  on  the  supposition  that  a 
variahlc  fraction  of  the  proteid  molecule  is  easily  attacked  and 
broken  olf  into  aniido-acids  [leuein,  etc.]  by  trvpsin,  but  it  is  very 
(litHcult  to  explain  on  the  supposition  that  the  proteid  molecule, 
early  in  the  process  of  decomposition  breaks  up  into  two  halves, 
of  which  one  changes  through  the  stages  of  hemialbiimose  and 
heinipcptone  into  aniido-aeids,  while  the  other,  passing  through 
antialbinnosc,  halts  at  antipeptone." 

We  have  two  hypotheses  :  (l)  Kiihne's  hy|X)thesis  of  cleavage 
info  ftro  coordinate  hcmi-  and  anti-  molecules ;  and  (ii)  Moore's 
hypothesis  of  cicacaf/Cy  from  the  proteid  molecule  of  subordinate, 
(nnid(t-(frid  ino/ccu/cM.  The  reader  remembers  that  in  salivarv  di- 
gestion the  starch  molecule  is  subjected  to  a  series  of  hydrolytic 
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cleavages,  but  that  these  cleavages  are  not  coordinate'.  In  each 
cleavage  a  suhordinute  molecule  maltose  is  split  off  from  the  car- 
bohydrate molecule  until  the  whole  carbohydrate  molecule  is 
finally  broken  up  into  maltose  molecules.  According  to  Moore's 
hypothesis  :  "  The  different  proteids,  especially  the  proteoses, 
differ  so  little  in  chemical  composition  that  the  difference  in  their 
nature  is  probably  due  to  a  difference  in  atomic  grouping.  *  *  * 
Some  of  these  groups  are  much  more  susceptible  of  decomposition 
than  others.  *  *  *  Those  albumoses  which  yield  much  amido- 
acid  contain  in  their  molecules  more  groups  which  are  decompos- 
able by  trypsin.  *  *  Those  which  yield  much  antipeptone  con- 
tain less  of  these  decomposable  groups.  *  *  In  all  cases  that 
substance  which  we  call  antipeptone  is  the  remainder  after  all  of 
those  groups  which  are  attackable  by  trypsin  have  been  removed 
in  the  form  of  amido-acids."  The  process  which  Moore  outlines 
is  in  harmony  with  the  facts  and  is  analogous  to  ptyalin  digestion. 
Moore's  hypothesis  presents  no  hypothetical  substances  ;  it  utilizes 
only  substances  separable  by  chemical  methods  from  all  other  sub- 
stances. 

The  facts  of  peptic  proteolysis  may  be  summarized  in  the  fol- 
lowing table : 


Series  I.  Series  II.  Characteristics. 

Native  Proteid.  Native  Proteid.        Responds  to  xanthoproteic  t«st,  to  Millon's  te.st. 

Is  indiffusible. 

Svntoniu.  Svntouin.         \   Soluble  in  dilute  acids,  insoluble  in  water,  in- 

'  diffusible. 

I 

I*roto-protoose!  fSoluble  in  H,0;  i)recipitatcd  bv  Mj^^^O^,  NaCl 

'(    or(NH4)aSO*  in  Sat.  Sol.  Diffusible. 

Primary  Proteoses.  Iletero-proteose  (Soluble  in  dilute  NaCi  .*tolution,  precipitated  by 

-  Sat.  Sol.  NaCl  or  MgSO^  and  (NH/^jSO^. 
I.  Diffusible. 

Sccondarv  I'roteoses.     Deutero-proteose.'*.      S)lublc  in  water.    Precipitated  bv  (NH 4 )aS()4. 

Ditfusible. 

Peptones.  Pei)tones.  Soluble  in  water,  not  precipitated  bv  ( Nil  JjSO^. 

i  Ditrusible. 


3.   FACTORS  WHICH  INPLUENCE  GASTRIC  DIGESTION. 

1.  The  Preparation  of  Food. — Inasmuch  a.s  gastric  digestion 
is  confined  to  proteids  it  is  now  in  order  to  determine  the  influence 
of  cooking  upon  proteolysis.  Proteids  may  be  divided  into  two 
classes  for  the  consideration  of  this  subject. 

(«)  Pkotkids  which  are  CoAGn.ATEi)  BY  Heat. — This  class 
includes  the  native  albumins  and  globulins.  As  already  men- 
tioned under  cooking,  the  application  of  high  temperatures  to  any 
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of  this  class  of  proteids  decreases  the  ease  with  which  it  may  be 
digested.  In  the  preparation  of  eggs  (uncom pounded) ;  of  clear 
lean  meat,  of  beef  juice  or  blood  (serum  albumin  and  serum- 
globulin)  just  as  little  heat  should  be  applied  as  is  possible  to  do 
and  make  a  palatable  dish. 

(6)  Proteids  which  are  Not  Coagulated  by  Heat — Albu- 
minoids.  Collagen  is  the  sole  representative  of  this  class  which  is 
imjx)rtant  here.  Collagen  enters  into  the  formation  of  all  of  the 
connective  tissues  of  the  animal  body.  In  preparing  most  cuts  of 
meat  one  has  to  deal  with  a  large  proportion  of  connective  tissue. 
If  properly  prepared  it  is  digestible  and  nourishing,  if  not  so  pre- 
pared it  is  almost  indigestible  itself  and  its  presence  keeps  the 
digestive  juices  from  gaining  proper  access  to  the  simple  proteids 
and  thus  prolongs  very  greatly  the  period  of  their  digestion. 
When  connective  tissue  is  subjected  to  heat  in  the  presence  of 
moisture  the  collagen  becomes  hydrated  into  gelatin.  The  meat 
is  then  easily  miistiaited,  the  digestive  juices  readily  penetrate  it 
and  the  gelatin  itself  is  readily  digested. 

2.  The  Mastication  of  Food. — Under  mastication  the  impor- 
tance of  this  process  was  urged. 

The  Reaction  of  the  Contents  of  the  Stomach. — From 
what  appeared  above  it  is  evident  that  gastric  digestion  cannot 
proceed  in  an  alkaline  medium.  The  first  step  in  the  process 
Ix'ing  the  formation  of  acid-albumin,  it  is  important  to  determine 
what  acids  may  serve  the  purpose. 

(a)  The  Kind  of  Acid  Necessary. — The  hydrochloric 
acid  of  the  gastric  juice  is  nature's  acid.  Under  certain  condi- 
tions lactic  acid  appears  in  moderate  quantities.  Any  conditions 
which  lead  to  a  decrease  in  the  hydrochloric  acid  favor  the  ap- 
jx?arance  of  lactic  acid,  a  fermentation  product.  In  peptic  prote- 
olysis lacfh'  (trid  iiun/  iakv  flie  jyfdce  of  hydrochloric  (icid.  Several 
organic  acids  are  taken  with  the  food:  aeetic  acid,  in  vinegar; 
ind/ic  (icid,  in  rhubarb,  strawberries,  apples,  etc.;  citric  (icid,  in 
lemons  and  oranges,  and  tartaric  acid,  in  grapes.  Any  of  these 
acids  may  supplement,  or  even  replace,  the  hydrochloric  acid  in 
gastric  digestion. 

(h)  The  Amoi'nt  of  Acid  Xecf>wary. — Experiment  shows 
that  though  0.:5  per  cent,  is  the  strength  of  the  hydrochloric  acid 
in  pure  gastric  juice,  that  is  not  the  strength  necessary  for  the  for- 
mation of  acid-all)uniin.  The  foods  taken  into  the  stomach  dilute 
the  acid  very  much,  so  that  it  is  hardly  likely  that  the  acid  of  the 
stomach  during  digestion  represents  more  than  0.1  per  cent,  of 
the  whole  contents  of  the  stomach.  Digestion  proceeds  rapidly  in 
H(1  of  tliat  strength.  Just  how  strong  the  other  acids  should  be 
is  not  determined.  It  is  not  likely  that  they  could  be  effective  in  , 
less  than  0.1  per  cent,  strength.    Experiment  has  shown  that  0.1 
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per  cent,  to  0.4  per  cent,  represent  average  favorable  limits  with 
some  variation  in  the  lower  limit  for  diflPerent  organic  acids.  The 
presence  of  moderate  quantities  of  organic  acids  probably  exerts 
relatively  little  effect  upon  digestion.  The  tendency  of  many  to  use 
these  acids  very  freely,  together  with  the  influence  which  the 
presence  of  other  acids  has  upon  the  secretion  of  hydrochloric  acid 
makes  this  question  of  importance  to  the  clinician.  If  one  were 
to  drink  a  large  quantity  of  lemonade  at  the  beginning  of  a  meal 
it  is  evident  that  the  strong  acid  reaction  of  the  stomach  w^ould 
greatly  retard  salivary  digestion.  It  is  also  certain  that  it  would 
decrease  the  secretion  of  hydrochloric  acid.  On  the  other  hand, 
a  moderate  amount  of  any  acid  drink  or  food  toward  the  end  of 
the  meal  may  serve  an  important  purpose  in  supplementing  the 
acid  of  the  gastric  juice. 

4.  The  Influence  of  Temperature. — What  was  said  of  the  in- 
fluence of  temperature  upon  salivary  digestion  applies  equally  to 
gastric  digestion. 

5.  The  Influence  of  Dilution. — Much  has  been  said  and  w  rit- 
ten against  the  drinking  of  cold  water  with  meals,  and  especially 
at  the  beginning  of  meals.  There  is  more  misconception  regard- 
ing water  than  any  other  food.  Without  entering  into  a  discus- 
sion of  the  details  of  the  question,  and  without  citing  the  numerous 
and  reliable  authorities,  the  author  will  briefly  state  a  few  of  the 
fundamental  facts  regarding  the  relation  of  water  to  nutrition  : 
(i)  Water  is  a  prime  necessity  to  the  animal  body.  Lack  of  suf- 
ficient water  is  just  as  certain  to  lead  to  a  derangement  of  the  nu- 
trition of  the  body  as  is  lack  of  sufficient  solid  food.  Most  people 
use  too  little  water ;  few  people  use  too  much  water,  (ii)  The 
free  use  of  water  does  not  tend  directly  to  the  accumulation  of  fat. 
The  statement  that  it  does  so  is  a  fallacy  which  arises  from  these 
facts  :  The  free  use  of  water  facilitates  the  processes  of  nutrition 
and  economizes  food  by  utilizing  a  greater  proportion  of  it. 
Under  such  conditions  any  excess  of  food  tends  to  be  deposited  as 
reserve  material  in  the  form  of  fat.  The  reasonable  thing  to  do, 
if  one  wishes  to  decrease  tlie  tendency  to  accumulate  fat,  is  not  to 
induce  a  pathological  condition  by  the  decrease  of  the  water ;  but 
to  mmphf  (lecrcdxe  flie  /(ff-fonninf/  materia/,  i,  f.,  decrease  the  earho- 
hydrates  (tnd  fats,  (ill)  t'old  water  stimulates  the  free  secretion 
of  gastric  juice.  Cold  water  in  moderate  quantity  at  the  begin- 
ning of  a  meal  thus  hastens  tlie  gastric  digestion  and  makes  more 
efficient  the  antiseptic  action  of  the  gtistric  juice.  Recalling  wliat 
was  said  regarding  the  relation  of  water  and  other  diluents  to  sali- 
var}'  digestion  it  is  evident  tliat  several  of  the  factors  which  hasten 
and  facilitate  gastric  digestion  at  the  same  time  retard  or  stop 
salivary  digestion.  We  have  to  choose  Ixitween  these  two  alter- 
natives.   Wliicli  process  is  the  more  im|K)rtant  to  the  system  ? 


THE  MOVEMENTS  OF  THE  STOMACH, 


The  amylolytic  enzyme  of  the  pancreatic  juice  is  much  more  active 
than  is  ptyalin.  The  conditions  for  digestion  of  starches  are  more 
favorable  in  the  intestine  than  in  the  stomach. 

By  far  the  most  important  processes  which  take  place  in  the 
stomach  are  :  (i)  The  disinfection  of  the  stomach  contents  by  the 
hydrochloric  acid  ;  (ii)  the  digestion  of  proteids.  The  prolong- 
ing of  salivary  digestion  is  of  much  less  importance  than  either 
of  these.  The  reasonable  thing  to  do  is  to  stimulate  the  secretion 
of  gastric  juice.  Water  w,  next  to  peptone,  the  most  efficient  agent 
in  the  stimulation  of  the  secretion  of  gcistric  juic^. 

6.  The  Influence  of  the  Movements  of  the  Stomach. — The 
movements  of  the  stomach  facilitate  gastric  digestion  (i)  by  mix- 
ing the  gastric  juice  with  the  food,  and  (ii)  by  removing  those 
portions  already  digested. 

We  shall  find  that  movements  of  the  stomach  (to  be  discussed 
later)  are  irhollif  involuntary.  If  they  are  to  be  controlled  or  modi- 
fied in  character  it  must  be  through  the  influence  of  reflexes  {in- 
herent reflexes^  which  see).  One  may  indirectly  influence  the  rate 
of  the  heart  by  influencing  the  factors  which  control  the  heart.  In 
the  same  way,  to  a  smaller  extent,  perhaps,  one  may  influence  the 
movements  of  tlie  stomach  by  influencing  the  factors  which  con- 
trol the  stomach  musculature.  Cannon  (**  The  Movements  of  the 
Stomach,''  Americwi  Journal  of  Physiology,  Vol.  I.,  p.  359),  after 
a  series  of  observations  on  the  influence  of  the  emotions  upon  the 
movement  of  the  stomach,  thus  summarizes  his  results :  "  The 
stomach  movements  are  inhibited  (actually  stopped)  whenever  the 
oat  shows  signs  of  anxiety,  nige  or  distress."  That  strong  emotions 
inhibit  the  movements  of  the  human  stomach  and  thus  retard  gas- 
tric digestion  is  beyond  doubt. 

4.  THE  MOVEMENTS  OF  THE  STOMACH. 

The  most  recent  and  most  valuable  contribution  to  our  knowl- 
edge of  tlie  movements  of  the  stomach  lias  been  made  by  Cannon, 
citeil  above,  wlio  has  worked  under  the  inspiration  of  Prof.  Bow- 
ditch,  of  Harvard.  The  Ri'mtgen  Rays  were  utilizetl  in  producing 
a  series  of  sketches  of  the  stomach  in  action.  To  make  the  con- 
tents of  tlie  stomach  opacpie  to  the  rays  subnitrate  of  bismuth  was 
mixed  with  the  CmmI.  A  clear  conception  of  the  gastric  move- 
ments and  of  the  effect  of  these  movements  may  be  gotten  by  re- 
producing here  some  of  Cannon's  figures  and  quoting  his  sum- 
mary : 

{a)  '^TnK  Stomach  Consists  of  two  physiologically  distinct 
parts  :  the  pyloric  part  and  the  fundus.  Over  the  pyloric  i>art, 
while  I'chkI  is  present,  constriction  waves  continually  course  toward 
the  pylorus.    The  fundus  is  the  active  reservoir  for  the  food  and 
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Fir,.  17"i.  Fir-.  179. 


Tlnr  luoviruifiits  of  the  .Htoniacli. 


Tli('s<*  figures  present  the  outlines  of  the  shadow  of  the  contents 
of  the  stoniaeh  cast  on  a  fluorescent  screen  bv  tlie  Kontj^en  ray. 
*  *  *  They  sliow  the  cluin^e  in  the  appearance  of  tlie  stom- 
ach at  intervals  of  one  hour  from  the  time  of  eating  until  the 
stomach  is  iK'arly  enjpty."  (Cannon.) 
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squeezes  out  its  contents  gradually  into  the  pyloric  part."  (Fig. 
165.) 

(6)  "  The  Stomach  is  Emptied  by  the  formation  between  the 
fundus  and  the  antrum  of  a  tube  (preantral  portion)  along  which 
constrictions  pass.  (See  Fig.  157.)  The  contents  of  the  fundus 
are  pressed  into  the  tube  and  the  tube  and  antrum  slowly  cleared 
of  food  by  the  waves  of  constriction." 

(e)  "  The  F(X)d  in  the  Pyloric  Portion  is  first  pushed  for- 
ward by  the  running  wave,  and  then  by  pressure  of  the  stomach 
wall  is  returned  through  the  ring  of  constriction  ;  thus  the  food  is 
thoroughly  mixed  with  gastric  juice  and  is  forced  by  an  oscillating 
progress  to  the  pylorus."    (See  Fig.  l7o  et  seq.) 

((I)  "The  Fo<h)  in  the  Fundus  is  not  moved  by  peristalsis, 
and  consequently  it  is  not  mixed  with  the  gastric  juice ;  salivary 
digestion  can,  therefore,  be  carried  on  in  this  region  for  a  con- 
siderable period  without  being  stopped  by  the  acid  gastric  juice." 

(r)  "The  Pvujrus  Does  not  Open  at  the  approach  of  every 
wave  but  only  at  irregular  intervals.  The  arrival  of  a  hard 
morsel  causes  the  sphincter  to  open  less  frequently  than  normally, 
thus  niateriallv  interfering  with  the  passage  of  the  already  lique- 
fied food." 

(/)  "  Solid  Food  Remains  in  the  antrum  to  be  rubbed  by  the 
constrictions  until  triturated,  or  to  be  softened  by  the  gastric  juice, 
or  later  it  may  be  forced  into  the  intestine  in  the  solid  stat«." 

((/)  "The  Constkiction  Waves  have,  therefore,  three  func- 
tions ;  the  mixinf/j  trituration  and  expulsion  of  food." 

5.  VOMITmO. 

(f.  The  Mechanism  of  Vomiting. 

In  discussing  this  subject  one  must  differentiate  between,  (i) 
mild  vomiting  without  nausc^a ;  and,  (ii)  violent  vomiting  with 
nausea.  Hogs  and  infants  are  likely  to  overload  the  stomach. 
The  latter  resiM)n(ls  by  a  firm  contraction  of  the  pylorus  or 
sj)liincter  antri  pylorici  followed  by  a  general  contraction  of  the 
walls  of  tlie  stomach,  the  result  l>eing  a  regurgitation  of  a  part 
of  the  just  swallowed  food.  That  there  is  no  nausea  associated 
with  this  act  is  evidenced  by  the  fact  that  the  "dog  retumeth  to 
his  vomit,''  eating  the  f(x>d  a  second  time ;  if  the  dog  were 
nauseated  he  would  not  do  that.  But  in  adult  man,  "  the  act  of 
vomiting  is  generally  preceded  by  a  feeling  of  nausea,  and  usually 
there  is  a  rush  of  saliva  into  the  mouth,  cjmsed  by  a  reflex  stimu- 
hiti«»n  through  the  afferent  fibers  of  the  gastric  vagus  and  the  ef- 
ferent ehorda  tympani  "  (Stirling).  After  this  a  deep  inspiration 
is  taken  and  the  glottis  closed  so  that  the  diaphragm  is  firmly 
pressed  down  upon  the  abdominal  contents ;  and  it  is  kept  con- 
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tracted  while  a  violent  contraction  of  the  abdominal  muscles 
forcibly  compresses  the  stomach,  whose  contents  are  ejected.  This 
movement  is  so  sudden  that  the  sluggishly  contracting  involuntary 
muscles  of  the  stomach  walls  do  not  have  time  to  assist. 

6.  The  Influence  of  the  Nervous  System  upon  Vomiting. 

(a)  The  Efferent  Impulses  pass  to  the  pyloric  sphincters,, 
the  diaphragm,  the  abdominal  muscles  and  the  muscles  of  the 
larynx  and  pharynx  through  the  vagus,  phrenic,  lower  intercostals 
and  the  superior  maxillary  division  of  the  V. 

(fe)  The  Vomiting  Center,  though  not  definitely  located,  exists 
somewhere  in  the  medulla.  The  muscles  which  are  most  active 
in  vomiting  are  the  respiratory  muscles.  The  vomiting  center 
must  be  associated  with  the  respiratory  center ;  it  may  be  identical 
with  the  respiratory  center  in  whole  or  in  part,  or  it  may,  under 
particular  conditions,  simply  dominate  the  respiratory  center.  The 
vomiting  center,  indefinite  though  it  is  anatomically,  is  definitely 
influenced  by  certain  different  impulses. 

(c)  The  Afferent  Impulses  reach  the  medullar  center  through: 
(i)  the  vagus,  which  is  stimulated  by  any  gastric  irritant ;  (ii)  the 
trigeminus  and  the  glosso-pharyngeal,  which  is  stimulatea  when 
the  uvula  and  fauces  are  tickled ;  (iii)  the  afferent  nerx^es  supply- 
ing the  urogenital  tract,  stimulated  by  irritation  of  that  tract,  e.  y,, 
uterine  nerves  stimulated  during  pregnancy  ;  (iv)  finally,  impulses 
may  reach  the  vomiting  center  from  the  cerebrum  or  cerebellum 
which  may  induce  vomiting.  These  impulses  may  be  caused  by 
certain  pathological  conditions,  or  may  be  induced  through  the 
c<?rebrum  by  certain  sights,  odors  or  taste,  or  may  be  induced 
purely  psychically  through  the  memory  of  certain  experiences 
which  were  associated  with  nausea.  Disturbances  of  equilibrium 
may  through  this  same  central  influence  induce  vomiting. 

Drugs  which  induce  vomiting  are  allied  emetics. 

(\  INTESTINAL  DIGESTION. 
1.  THE  DIGESTIVE  FLUIDS. 
a.  The  Secretion  of  Pancreatic  Juice. 

The  pancreas  represents  the  compound  tubular  type  of  glands 
The  general  arrangement  of  its  ducts  and  tubular  alveoli  is  shown 
in  Fig.  161  under  Secniion,  The  structural  changes  which  take 
place  in  the  cells  of  the  pancreas  during  secretion  are  quite  like 
those  which  are  observed  in  the  salivary  glands  during  their 
activity,  and  these  changes  have  the  same  significance.  The  ac- 
companying figure  (Fig.  183)  shows  the  principal  characteristic 
of  these  changes.    During  the  resting  stage  the  cells  become 
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loaded  with  zymogen  granules,  and  their  outlines  are  less  clearly 
seen.  After  a  |)eriod  of  secretion  the  granules  become  much  less 
numerous,  striae  appear  in  the  cytoplasm,  the  unmodified  cyto- 


Fio.  183. 


Part  of  an  alveolus  of  the  rabbit's  pancreas.  A,  at  rest;  B,  after  active  secretion,  a,  the 
inner  granular  zone,  which  in  A  i»  larger  and  more  closely  studded  with  fine  granules  than  in 
B,  in  which  the  ^jranules  are  fewer  and  coarser;  h,  the  outer  transparent  zone, small  in  A^ 
larifcr  in  B.  and  in  the  latter  marked  with  faint  strlse :  r,  the  lumen,  very  obvious  in  B.  but 
iiuiistinct  in  .1;  d,  an  indentation  at  the  junction  of  two  cells,  only  seen  in  B.  (Irom 
S<  iiAKKER  after  Fohter  and  KChxe.) 

phism  is  relatively  much  more  abundant.  The  appearances 
justify  the  conclusion  that  parts  of  the  secretion — the  ferments — 
are  formed  fr/)m  the  granules  ;  that  these  granules  become  ex- 
hausted during  secretion  and  are  formed  during  rest  at  the  expense 
of  the  cytoplasm.  The  cytoplasm,  in  its  turn,  is  replenished  during 
the  secretory  activity  of  the  gland,  the  cells  apparently  seizing  the 
<)p|)ortunity  when  the  blood  supply  is  abundant  to  secure  the 
needed  nutriment.  During  the  resting  period  the  granules  are 
formed  at  the  exi)ense  of  the  cytoplasm.  The  secretion  of  pan- 
creatic juice  varies  with  tlie  phase  of  digestion,  beginning  soon 
after  a  meal  and  reaching  a  maximum  (in  the  dog),  from  one  to 
three  liours  after  tlie  meal  and  gradually  decreasing  as  digestion 
progresses.  This  relation  of  pancreatic  secretion  to  conditions  in 
the  alimentary  canal  makes  it  certain  that  the  secretion  is  a 
refl(»x  act. 

The  exj)erinients  of  Dolinsky  (Archiren  Set.  hiologlque,  St. 
Pctei^sburg,  ISDT),  A^ol.  III.,  p.' 399)  show  that  this  reflex  act  is 
stiniuhited  esj>ecially  by  the  presence  of  acid  in  the  alimentary 
tract ;  /.  v.,  anything  which  will  stimulate  the  flow  of  gastric  juice 
will  in  turn  stimulate  the  flow  of  pancreatic  juice.  Alkalies  in 
the  stomach  diminisli  the  secretion  of  pancreatic  juice.  Pawlow 
has  shown  that  the  vagus  contains  the  secretory  nerves  of  the 
pancreas.    Extirpation  of  the  pancreas  is  followed  by  diabetes. 

h.  The  Composition  of  the  Pancreatic  Juice. 

The  sensitiveness  of  the  pancreas  to  any  operative  procedures 
makes  it  dillic  iilt  to  get  a  normal  secretion  from  a  flstula.  The 
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establishment  of  the  fistula  is  followed  by  inflammatory  changes. 
Before  these  changes  occur  a  secretion  may  be  caught  which  is 
called  temporary.  After  the  inflammatory  changes  have  subsided 
the  secretion  approaches  the  normal  qualitatively  though  it  con- 
tains a  much  smaller  proportion  of  solids. 

The  following  table  gives  two  analyses  by  Carl  Schmidt  (Quoted 
by  Maly  in  Hermann's  Handbuch  d.  Physiol.^  Bd.  V.  (2),  S. 
1 89)  from  temporary  and  permanent  fistulee ;  also  an  analysis  by 
Zawadsky  {CentraM  f.  Physiol.,  1891,  Bd.  V.,  S.  179)  of  nor- 
mal human  pancreatic  juice : 

Chemical  Composition  of  Pancreatic  Juice. 


rn vuTiTiiRVTH  From  a  Tempobaby  |  Fbom  a  Pebmanent  Human  Panc. 

iONHTITUENTS.  |        piy^yLA  (DOO).  |        tlSTULA  (DO«  .  JUICE. 

Watkb.  i  90.08  97.68  86.405 

SoUDS:  9.92  2.32  13.595 


Orpan^fT ;  Enzymes,  etc.      I  9.04  j              1.64  13.251 

Inorganic.                          j  0.88  0.68  0.344 

Na-COa  0.06  0.33 

NaCl  0.74  I  0.25 

KCI  trace.  |  0.09 

Ca,  Mg  and  Na  phosphates.  '  0.08  0.01 


The  pancreatic  juice  contains  several  important  constituents  : 

1.  Enzymes. —  (i)  An  amylolytic  enzyme. — Amylojmn. 

(ii)  A  proteolytic  enzyme. — Trypsin. 
(Ill)  A  fat-splitting  enzyme. — ^eapsin. 
(iv)  A  milk-curdling  enzyme. 

2.  Alkaline  Salts :  Xa^COj,  and  NajPO,. 

The  influence  of  the  salts  is  to  make  the  alkalinity  of  the  pan- 
creatic juice  ecjual  to  0.2-0.4  \>er  cent,  of  NaOH. 

(*.  The  Composition  of  the  Succus  Entericus. 

This  fluid  is  secreted  by  the  crypts  of  Licbcrkiihn.  The  .secre- 
tion is  caught  by  making  a  fistula.  Tlic  A^'ella-Thiry  fistula  is 
formed  "by  cutting  across  the  intestine  at  two  places,  10—30  cm. 
apart,  without  interfering  with  the  blood  supply,  restoring  the 
continuity  of  the  intestine,  *  *  *  stitching  both  ends  of  the 
isolated  piece  to  the  abdominal  wall,  leaving  a  double  fistulous 
opening  "  (iloore).  Fluid  caught  from  such  a  fistula  is  limpid,^ 
opalescent,  has  a  specific  gravity  ranging  from  1.010  to  1.014,  an 
alkalinity  of  nearly  0.5  jKjr  cent.  XaOII ;  it  contains  proteids,  and 
coagulates  on  standing.  It  contains  2  to  3  per  cent,  of  solids,  of 
which  0.7  per  cent,  to  0.0  per  cent,  is  ash.  Human  succus  en- 
tericus from  the  ileum  near  the  ileo-ciecal  valve  ^  contained  a  much 
smaller  proportion  of  solids,  and  had  a  Sp.  Gr.  1.00G9. 

'Tabby  and  Manning,  Gni/s  JIoxp.  Ilij).,  London,  1891,  Vol.  XLVIIf.,  p. 
277.    Quoted  by  Moore. 
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The  most  important  constituents  of  the  succus  entericus  are  :  (a) 
An  enzyme  :  Invertine.    (b)  Alkaline  salts  :  Na^CO^,  etc. 

d.  Composition  of  the  Bile. 

The  consideration  of  the  bile  in  its  relation  to  metabolism  will 
be  taken  up  later.  It  will  be  sufficient  to  summarize  its  compo- 
sition here,  and  to  discuss  under  digestion  only  those  features 
which  especially  influence  digestion. 

Table  Showing  the  CoMPOsmox  of  Human  Bile. 

CONSTITrKNTS. 

Water. 
Solids. 

Organic: 

Glycocbolate  of  Modiuni. 
Taurocholate  of  Hodiuni. 
Cholesterin,  U'cithin,  faU  and  soaps 
Mucin,  pigment,  epithelium,  etc. 
Inoroanic  salts  ; 

S'a.COa.  NajUPO* 

Note  that  the  bile  contains  no  ferment.  Its  most  important 
constituents  are  the  NajCO^  the  Na^HPO^  and  the  glycocholate 
and  taurocholate  of  sodium. 

2.  THE  CHEMISTRY  OF  IKTE8TIKAL  DIGESTION. 
a.  The  Action  of  the  Pancreatic  Juice. 

The  pancreatic  juice  is  active  chemically  through  its  alkaline 
salts  and  its  enzymes.  The  alkaline  salts  of  the  intestinal  fluids 
neutralize  the  acids  which  enter  the  duodenum  from  the  stomach 
and,  in  the  typical  case,  make  the  intestinal  contents  distinctly 
alkaline.  In  an  alkaline  medium  all  of  the  enzymes  act  more 
vigorously  than  in  a  neutral  or  faintly  acid  medium. 

1.  The  Amyloljrtic  Enzyme — Amylopsin. — This  enzyme  is 
pra(!tically  identical  with  ptyalin  in  all  its  projwrties  except  that  its 
action  is  very  much  more  rapid.  Like  ptyalin  it  acts  best  in  an 
alkaline  medium,  and  like  that  enzyme  it  changes  starch  to  mal- 
tose. In  the  discussion  of  salivary  digestion  it  cannot  have  es- 
captnl  the  attention  of  the  reader  that  the  ptyalin,  under  the  most 
favorable  circumstances,  digests  only  a  small  proportion  of  the 
starch.  Due  to  the  ini])erfect  cooking  to  which  starchy  foods  are 
s(»  frc(|ucntly  subjected,  to  the  imjKjrfect  mastication  and  insaliva- 
tion  which  arc  so  prevalent,  and  to  the  almost  universal  dilution 
of  the  contents  of  the  stomach  w^ith  liquid  foods  or  drinks,  the 
action  of  the  ptyalin  is  reduced  to  a  most  unimportant  r6le.  It 
is  to  the  aniylolytic  enzyme  of  the  pancreatic  juice  that  we  must 
lo(>k  for  the  digestion  of  the  amyloses. 


From  Galiv-bladdkk.*    From  Fistula.^ 

89.81  I  98.72 

10.19  1.28 

/  ^'^^  0.06 
3.09  0.04 

0.6.3  I  0.84 
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The  conditions  under  which  this  enzyme  acts  are  most  favor- 
able, the  temperature,  the  reaction,  the  degree  of  dilution,  the 
trituration  of  the  foods  by  the  stomach  are  all  favorable  to  rapid 
action  of  the  amylopsin.  Even  raw  starch  is  readily  digested  in 
vitro  by  the  amylopsin.  The  conditions  to  which  incompletely 
cooked  starch  is  subjected  in  the  stomach  probably  make  it 
more  easily  digestible  than  is  the  raw  starch  used  in  laboratory 
experiments. 

One  may  thus  sum  up  the  action  of  amylopsin :  (i)  It  acts 
upon  raw  or  cooked  starch  causing  a  series  of  hydrolytic  cleavages 
identical  with  those  caused  by  ptyalin  (which  see).  The  hy- 
drolysis is  probably  complete,  resulting  finally  in  producing  mal- 
tose, from  fftarch.  (ii)  It  acts  upon  the  dextrines  which  have 
been  previously  formed  by  ptyalin ;  viz.:  amylodextrin,  ervthro- 
dextrin,  the  achroodextrins  a,  ^9,  and  completing  the  hy- 
drolytic changes  already  begun  ;  thus  producing  maltone  from  dex- 
trineji.  (ill)  It  acts  upon  (/fi/co(/en  chanr/ing  it  to  maltoHe  through 
a  series  of  cleavages  parallel  to  or  identical  with  those  observed 
in  the  amylolytic  digestion  of  starch.* 

2.  The  Proteolytic  Enzyme — Trypsin. — ^The  proteid-digest- 
ing  enzyme  of  the  pancreatic  juice  differs  from  that  of  the  gastric 
juice  in  requiring  an  alkaline  medium  instead  of  an  acid  medium 
for  its  activity. 

The  first  step  of  tryptic  proteolysis  is  the  formation  of  alkali- 
a^bnmin.  This  at  once  initiates  a  series  of  hydrolytic  changes 
which  though  parallel  to  the  changes  of  peptic  proteolysis  are  not 
identical  with  them.  The  proteoses  formed  cannot  be  chemically 
S3parat?d  into  primiry  and  secondary  proteoses.  There  is,  there- 
fore, no  protoproteoso  and  no  hcteroproteose.  IXvifcroprofeoses  are 
formed  passing  in  st'vcral  slightly  varied  forms  but  all  of  them 
fulfilling  the  requirements  of  deuteroproteose  or  deuteroalbumose. 
The  deuteroproteose  formed  in  tryptic  proteolysis  is  apparently 
identical  in  its  response  to  chemical  redactions  with  the  deuteropro- 
teose formwl  in  peptic  proteolysis.  Xeumeister  finds  that  there  are 
several  deuteroproteoses  formed  in  tryptic  digestion,  and  that  all 
of  them  yield  on  further  cleavage  both  peptone  and  amido-acids. 
The  deuteroproteose  of  peptic  proteolysis  apparently  gives  rise  to 
tiro  coordinff^r  jjrjjfoncs  (whose  mixture  is  called  amphopeptone), 
one  of  which  (the  hypothetical  hemipeptone)  may  be  deeomi)osed 
under  the  influence  of  trv|)sin  into  a  series  of  amido-aeids  while 
the  other  (antipej)tone)  ciui  not  be  so  decomposed.    The  deutero- 

*The  faot  that  the  amylolytic  ferment  is  absent  from  the  pancreatic  juice  of  in- 
fanta makes  it  evi<lent  that  they  are  not  prepare<i  hy  nature  for  stan^hy  foinls. 
Milk  is  nature's  food  for  mammalian  ymm^;,  :is  witness  all  indications  \hm\\  in  the 
mother  and  oflsprinjf.  In  the  younj;  mammal  there  are  :  (  i  )  abundant  an<l  ac- 
tive milk-curdling  enzymes;  (ii)  Pnjteolytic  enzymes;  (-in)  a  fat-splitting 
enzyme,  and  (iv  j  an  inverting  enzyme. 
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proteose  of  tryptie  proteolysis  gives  rise  to  peptone  and  to  the 
series  of  amido-acids,  i,  e,,  there  is  experimental  evidence  of  a 
subordinate  hydrolytic  deavage  of  deuteroproteose  but  no  experi- 
mental evidence  of  a  coordinate  cleavage  into  two  peptones.  In 
the  terms  of  those  who  contend  for  a  co(')rdinate  cleavage  one  may 
say  that  the  deuteroproteose  of  tryptie  digestion  is  anti-deuterojyro- 
ieoHC,  and  th(»  peptone  is  antipeptone,  while  the  hemi-group  wher- 
ever formed  in  the  proteolysis  is  instantly  decomposed  into  amido- 
acids. 

The  action  of  trypsin  upon  native  proteids  and  u|)on  peptic 
proteolytes  may  be  thus  summarized : 

Table  of  Tkyitic  Proteolysis. 


0/ Nathe  Proteid 

Of  Peptic  Proteolytes 

Protfid 
AtkmH-Albumim 
DmtUnt-prvtMt 

A 

Ann-    '  Lvueim 

Proto-proteo»e 

HeterO'ProteOM 

Deutero-proteoae 

Peptone 

Proto-proteo»c 

X 

Amidif^ekU 

nettro-prottote 

K 

Anti-dmUropntmm] 

Deutero-prottou 

A 

Peptone 

A 

The  peptone  (antipcptone)  of  tryptie  digestion  is  the  form  in 
wliieh  most  of  the  proteid  foodstuffs  are  absorbed.  From  this 
substance  and  from  sonui  fiulphur-containing  ccmijwund,  protoplasm 
and  other  higher  j)roteids  seem  to  l)e  built  up  by  a  process  of 
anabolisni.  It  is  imj>ortant  to  determine  the  constitution  of  the 
sul>stanc(\  There  is  strong  evidence  that  it  is  identical  with  Sieg- 
frie<rs  F/risrhsfinrc  (Arrliir  f.  Anal,  u,  PIn/siof.y  Leipzig,  1894,  S. 
401  ;  Zrlfrh.  f.  Plufsio/.  Chem.,  Strassburg,  1896,  Bd.  XXL,  S. 

Both  ronipounds  react  the  same  in  the  biuret  test;  both  fail  to 
respond  to  Millon's  reagent;  both  are  very  hygroscopic;  both 
yiohl,  on  decomposition  with  hydrochloric  acid,  lysin  and  lysa- 
tinin.  FhMsclisaure  has  been  obtained  directly  from  the  products 
of  advanced  tryptie  <ligestion.  Both  of  the  bodies  under  consid- 
eration are  easily  soluble  in  water.  From  a  hot  alcoholic  solution 
Fleischsiiure  crystallizes  in  minute  crystals.    Siegfried  has  d(»ter- 
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mined  the  formula  of  Fleischsaure  to  be  Cj^^Hj^NjO^  (mol.  vd. 
257),  Sjoquist  (quoted  by  Moore  from  Skand.  Arch.  f.  Phytnol., 
Leipzig,  1896,  Bd.  V.,  S.  277)  determined  the  molecular  weight 
of  antipeptone  (cryoscopic  method)  to  be  250.  In  the  light  of 
these  facts  it  seems  certain  that  antipeptone  and  Fleischsaure  are 
either  identical  or  closely  allied  and  that  the  quantitative  formula 
for  the  two  is  probably  represented  in  the  determined  formula  for 
Fleischsaure. 

Frequent  reference  has  been  made  to  the  amido-acids  formed 
in  tryptic  proteolysis  and  to  organic  bases  (lysin,  lysatin,  etc.) 
formed  in  the  hydrolytic  decomposition  of  proteids.  The  compo- 
sition of  these  lx)dies  may  be  briefly  summarized. 

(a)  LucEiN  or  Isobutyl-a-amido-acetic  acid. 

(CH3)— CH— CH,— CHNH,— COOH. 

The  proteids  yield,  on  decomposition  the  following  per  cents,  of 
leucin  :  Egg  albumin,  22.6  per  cent.;  casein,  19.1  per  cent.; 
muscle,  18  per  cent.;  vegetable  albumin,  17.3  per  cent.;  fibrin, 
7.9  per  cent,  in  digestion,  14  per  cent,  in  decomposition  with 
HjSO^ ;  gelatin,  1.5  per  cent,  to  2  per  cent.  (Maly). 

(b)  T>'R08IN  or  p-oxyphenyl-^a-amido-propionic  acid. 

CgH/OH— CH,— C^HNH,— COOH. 

In  decomposition  of  various  proteids  the  largest  proportion  of 
tyrosin  was  obtained  from  casein  (4.1  per  cent.),  followed  in  turn 
by  fibrin  (3.3  per  cent.)  egg  albumin  or  vegetable  albumin,  and 
muscle  (1  per  cent.),  while  gelatin  yielded  none.^ 

It  must  be  remembered  that  these  results  represent  the  greatest 
quantity  of  tyrosin  or  leucin  which  it  is  possible  to  split  off  from 
the  proteids  mentioned.  The  amount  actually  formed  in  diges- 
tion is  probably  much  smaller. 

((♦)  BuTALANiN  or  Amldo-valcrianic  acid. 

(C^iy  _CH— CII  XH,— COOH. 
{(1)  AspAUTic  A(ii)  or  Aniido-succinic  acid. 

(X)()II_(H,— CHXH,— COOH. 
{(')  (iLi  TAMic  A('ii)  or  Amido-pyrotartaric  acid. 

(  ()(JH— CH,— CH  — CH  NH,— CX )()H. 

Besides  these  amido-acids  certain  bases  which  arc  formed  in 
tryptic  digestion  as  well  as  in  dccomi)osition  of  proteids. 
(/)  IjVsin  or  «-c-diamido-capr()ic  acid. 


»  Quoted  from  Maly  in  Hermann's  Handbiich,  Bd.  V.  (2),  S.  201^. 
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CH,  NH,— (CH,)3— CH  NH,— CX)OH. 
(g)  LY8ATIN  (or  methyl  guanidin  butyric  acid). 

ni^i  -^<jf.cH_cH_CH,— CH,— COOH. 
(A)  Lysatinix. 

nis  -  ^--N  CH3— CH,— CH,— CH,— CO 

Lysatin  belongs  to  the  same  series  with  kreatin,  and  lysatinin 
is  homologous  with  kreatinin,  i.  e.,  it  is  lysatin  minus  H,Ji), 

Ammonia  (NH^)  is  formed  in  both  tryptic  digestion  and  decom- 
position. 

e3.  The  Fat-Splitting  Enzyme — Steapsdn. — Fats  are  not 
changed  chemically  in  any  of  .the  digestive  processes  which 
take  place  before  they  reach  the  small  intestine.  Adipose  tis- 
sue, consisting  of  collagen  and  fat,  is  broken  up  in  the  stomach 
by  the  peptic  digestion  of  the  collagen  (or  gelatin),  which  re- 
leases the  fat.  Animal  fat  is  fluid  at  the  temperature  of  the 
animal  botly. 

The  released  and  fluid  fat  is  mixed  with  the  acid  chyme  in  the 
fonn  of  small  globules  and  passes  into  the  duodenum.  The  alka- 
line salts  of  the  pancrejitic  juice  and  bile  neutralize  all  free  hydro- 
chloric acid  and  change  the  reaction  to  neutral  or  alkaline  in  the 
duodenum. 

A  simple  fat,  as  tripalmitin,  is  a  combination  of  three  fatty  acid 
molecules  with  propenyl,  the  glycerol  radical.  The  general  struc- 
tural formula  of  the  fatty  acids  of  the  primary  monatomic  alcohol 
series  is:  C'H,— (CH,)„.,— COOH.  The  formula  of  palmitic 
acid,  the  IGth  member  of  the  series,  is  :  CH,— (CH,),  — COOH  ; 
of  stearic  acid  the  18th  member  ;  CH,— (CII^),  — COOH.  Tri- 
palmitin has  the  following  structural  and  quantitative  formulae  : 


t^Il3— (CH,),,— COO— C  :  H,  ^ 
(  II,— (CH,),  — CXX)— i  •  H 

cn3-(cig,.-coo— i:H,^ 


or       [CH3-((.^II,), -aK)]3-C;,H,,  or  (C.H.O,),  •  C3H,. 

Oleic  acid  belongs  to  the  triatomic  alcohol  series  w^hose  acids 
j>ossess  the  following  general  formula  :  CH, — (CHjj)^.^ — (^H)^^ — 
rOOlI.    Oleic  acid  is  the  18th  member  of  the  series  and  has 
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the  fonnulaj :  CH,— (CH,),,— (CH),— (X)OH  or  C^^HJO,.  Tri- 
olein has  the  constitution  indicated  in  the  formula  : 

CH3— (CH,),  — (CH),— COO— C:H,  ^ 

CH,— (GH,)„— (CH),— CX)0— i-H  > 

CH3-(CH,)„-(CH),-^XX)-i:H,  ^ 
[CH,-(CH,)„-(CHX-COO]3-C3H, 

Animal  fat  is  a  mixture  of  tri-palmitin,  tristearin,  and  triolein 
in  various  proportions.  Certain  fats  and  oils,  especially  vegetable 
oils,  have  various  other  members  of  the  fatty  acid  or  oleic  acid 
series. 

The  task  which  presents  itself  now  is  to  find  the  eflTect  of 
steapsin  upon  these  compounds.  Let  tri-palmitin  be  taken  as  a 
type.  Steapsin  brings  about  a  hydrolytic  cleavage  of  the  mole- 
cule into  its  constituents : 

[CH3— (CH,),,— COO]3C3H,  +  3Hp  = 
C3H,(OH)3  +  3CH3-(CH,), -COOH 

Tri-palmitin  +  3  water  =  glycerol  +  3  palmitic  acid. 

This  hydrol}i:ic  cleavage  of  the  fats  leads  to  an  accumulation 
of  glycerin  and  of  various  fatty  acids  in  the  intestine.  The  pres- 
ence of  the  fatty  acids  induces,  or  facilitates  three  important 
changes  in  the  contents  of  the  small  intestine. 

(a)  EMri>>i PLICATION.  Oil  is  emulsified  when  it  is  separated  into 
minute  globules  which  arc  suspended  in  the  medium  and  remain 
separate.  If  the  globules  remain  separate  indefinitely  showing  no 
tendency  to  coalesce  the  emulsion  is  said  to  be  permanent ;  while 
in  a  iempomry  emulsion  the  oil  globules  grs^dually  coalesce  and 
rise  to  the  top  of  the  medium.  Emulsions  may  be  classified  also 
on  the  basis  of  *  their  formation  whether  mechanical  or  chemical. 
If  an  oil  be  vigorously  shaken  with  a  viscous  menstruum,  such  as 
cgg-albuniin,  or  a  gum  or  sugar  syrup,  the  division  of  the  oil  may 
be  as  fine  and  the  persistence  of  the  emulsion  as  permanent  as  in 
the  case  of  a  chemical  emulsion.  The  success  of  this  mechanical 
emulsion  will  depend  largely  upon  the  vigor  and  the  time  of  the 
mechanical  agitation.  A  cheniicjd,  also  called  sponUtneom,  emul- 
sion is  produced  when  the  conditions  are  favorable  for  the  forma- 
tion of  soaps  in  the  fat.  Under  these  conditions  a  fat  or  oil  will 
very  soon  be  transformed  into  a  permanent  emulsion  without  the 
help  of  shaking,  without  mechanical  aid,  though  the  process  is 
hurried  if  the  materials  are  shaken  or  stirred.  Both  fatty  acids 
and  alkalies  are  present ;  soap  is  formed  and  the  contents  of  tlie 
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small  intestine  are  mixed  by  the  peristaltic  action  of  the  intestinal 
walls.  The  conditions  are  thus  favorable  for  both  chemical  and 
mechanical  action. 

(6)  Saponification.  As  has  already  been  stated  the  conditions 
favorable  to  the  formation  of  soap  exist  in  the  small  intestine. 
The  pancreatic  secretion,  the  bile,  and  the  succus  entericus  all 
contain  XagCOg.  When  a  fatty  acid  and  Na^COj  come  together 
a  sodium  soap  is  instantly  formed  : 

2  CH,— (CH,),,— COOH+Na,CO,= 
H,0-|- 2  CH3— (CH^)^,— COdNa 

2  Palmitic  acid  +  sodium  carbonate  =  H2O+CO2+2  soap. 

(c)  Reaction.  The  influence  of  steapsin  upon  the  reaction  in 
the  small  intestine  has  only  recently  come  to  the  attention  of 
physiologists.  As  stated  above,  the  first  eflect  of  the  alkaline 
secretions  of  the  small  intestine  is  to  neutralize  all  the  free  acid  of 
the  chyme,  and  to  make  the  contents  of  the  small  intestine  neutral 
or  alkaline.  The  second  eflect  is  to  liberate  from  the  fats  a  series 
of  fatty  acids,  and  from  Na^CO^,  carbonic  acid  gas.  These  acids 
though  weak  sufiice  to  give  the  contents  of  the  small  intestine  an  ^ 
acid  reaction.  But  what  is  of  \ery  great  importance  to  the  or- 
ganism these  particular  acids  do  not  interfere  with  the  digestive 
processes  going  on  in  the  small  intestine. 

4.  The  MUk-Curdling  Enzymes. — Pancreatic  juice  or  an 
a([ueous  extract  of  fresh  pancreas  has  the  power  to  curdle  milk. 
That  the  jxincreatic  juice  has  the  opportunity  to  curdle  milk,  even 
when  a  lull  meal  is  made  of  that  food,  is  hardly  likely. 

b.  The  Action  of  the  Bile. 

This  secretion  contains  no  enzyme.  Its  action  is,  however,  very 
important  when  taken  in  connection  with  the  action  of  the  fat-split- 
ting enzyme  of  the  pancreatic  juice.  The  glycerine  liberated  by 
tlie  hydrolytic  cleavage  of  the  fats  is  soluble  in  water  and  is  prob- 
ably absorbed  readily  as  glycerine ;  the  fatty  acids  liberated  in 
the  process  are  insoluble  in  water  and  have  a  melting  {X)int  con- 
siderably above  the  temjx'rature  of  the  blood  (palmitin  at  62°  C, 
stearin  ()!^°  C.).  If  they  are  not  dissolved  tliey  would  pass  through 
the  alimentary  canal  unabsorbed.  A  jwirt  of  the  fatty  acids  is  com- 
bined as  soaj)  which  is  soluble.  Of  the  Na^C'Og  required  for  this  pro- 
cess the  bile  furnishes  much  the  greater  part.  Any  fatty  acid  not 
combined  in  soap  is  dissolvcnl  in  the  glycocholates  of  sodium  and  of 
potassium.  When  the  bile  secretion  is  diverted  from  the  alimentary 
canal  tlirough  a  fistula  a  hirge  part  of  the  ingested  fat  J  to  §  appears 
in  tlie  fieces  as  fatty  acids.    Munk  {Virchoiv^s  Archiv,  1890,  B 
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CXXII.,  S.  302,  quoted  from  Moore)  found  that  the  absorption 
of  fiits  of  high  melting  point  suflTered  more  than  that  of  fats  of  low 
melting  ix)int.  Now,  the  fats  of  high  melting  point  contain  a  pre- 
(londerance  of  stearin  whose  acid  (stearic  acid)  has  a  high  melting 
point  (69°  C.)  and  thus  resists  other  intestinal  solvents  of  fatty 
acids. 

Another  most  important  property  of  the  bile  salts  is  their  ability 
to  dimolve  the  soaps  of  the  alkcdine  earths.  Most  drinking  water 
contains  calcium  and  magnesium  salts  in  solution.  These  salts 
combine  at  once  with  fatty  acids  to  make  calcium  or  magnesium 
soaps,  or  they  displace  Na  from  the  soluble  soaps  already  formed. 
These  soaps  of  Ca  and  Mg  are  insoluble  in  water  and  but  for  the 
presence  of  the  glycocholate  of  Na  and  K  would  pass  out  of  the 
alimentary  canal  unabsorbed  (Neumeister,  Lehrbuch  der  j)hysioL 
Chemie,  Jena,  1893). 

One  may  summarize  as  follows  the  action  of  the  bile  in  the 
digestive  process : 

(a)  It  assists  in  the  emulsification  of  fats. 

(/9)  It  assists  in  the  saponification  of  fats. 

(;')  Its  glycocholates  and  taurocholates  assist  in  the  solution  of 
fatty  acids. 

{d)  Its  salts  in  solution  dissolve  the  soaps  of  the  alkaline  earths 
(insoluble  in  water). 

(e)  Bile  stimulates  the  contraction  of  the  muscularis  mucosa  of 
the  villi,  thus  accelerating  the  absorption. 

(Z)  It  acts  as  a  "  natural  laxative  "  through  (i)  lubrication  of 
the  feces ;  (ii)  stimulation  of  the  muscular  action  in  peristalsis. 

( 7j)  It  diminishes  putrefaction  in  the  large  intestine. 

c.  The  Action  of  Succus  Entericus. 

Reference  has  already  been  made  to  the  fact  that  the  Na^CO^ 
which  makes  0.25  per  cent,  to  .5  per  cent,  of  the  intestinal  juice, 
assists  the  pancreatic  juice  and  bile  in  the  emulsification  and  saponi- 
fication of  fats. 

The  most  important  constituent  of  the  intestinal  juice  is  the 
inverting  enzyme.  Invert! u.  Tliis  enzyme  acts  upon  disaccharids, 
and  through  hydrolytic  cleavage  resolves  them  into  two  coordi- 
nate monosaccharid  molecules.  The  amylolytic  enzymes  of  the 
saliva  and  pancreatic  juice  change  starch  to  maltose,  a  disaccharid. 
The  sugar  of  milk  is  lactose,  a  disaccharid.  An  imjwrtant  article 
of  diet  is  cane  sugar,  another  disaccharid.  All  of  these  disac- 
charids possess  the  (juantitative  formuk  Cj^H^^O^. 

Ex|>erinient  has  determined  that  none  of  these  disaccharids  ap- 
pear in  the  blood.  Only  monosaccharids  appear  in  the  blood. 
The  change  from  disaccharids  to  monosaccharids  must  take  place 
before  the  sugar  is  discharged  into  the  portal  blood.    The  intesti- 
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nal  canal  possesses  in  the  invertin  an  enzyme  capable  of  inducing 


For  the  structural  formulae  the  reader  is  referred  to  the  intro- 
duction to  this  chapter. 

(K  The  Digestion  of  Blilk :  A  Summary. 

Milk  is  a  perfect  food  (for  composition  see  foods).  Its  carbo- 
hydrate lactose  is  already  in  solution.  Its  proteids  are  lact-albu- 
niin  and  caseinogcn.  Its  fat  is  a  composite  of  many  simple  fats, 
such  as  tri-olein,  tri-palmitin  and  tri-stearin,  with  lower  members 
of  the  palmitin  series  :  the  triglycerides  of  butyric  (4th  in  the 
series) ;  caproic  (<)th) ;  caprilic  (8th)  ;  capric  (10th),  and  myristic 
(14th),  acids.  All  of  these  lower  members  are  present  in  very 
small  and  variable  quantities.  To  their  variation  is  due  the 
various  flavors  of  butter.  Small  quantities  of  lecithin  and  choles- 
tcrin  are  also  present. 

Milk  is  not  acted  upon  by  any  constituent  of  the  saliva.  In 
the  stomach  it  is  first  curdled  by  the  action  of  the  enzyme  rennm. 
The  curdling  of  milk  consists  in  tlie  coagulation  of  the  casein-  * 
ogcn ;  after  coagulation  the  caseinogen  is  called  casein.  The  crr- 
nvhi  and  the  lact-albumin  undergo  the  typic4il  proteid  digestion. 
The  proteid  pellicles  which  surround  the  oil  globules  are  digested 
off  and  the  oil  o.scaj)cs.  After  passing  into  the  small  intestine  the 
<ligestion  of  the  milk  proteids  is  completed  by  the  trypsin  ;  the 
fats  are  acted  upon  by  the  steapsin  forming  an  emulsion,  and  a 
long  series  of  soaps,  and  free  fatty  acids.  The  lecithin  is  broken 
up  into  its  constituents  :  For  each  lecithin  molecule :  (i)  two 
fatty  acid  molecules,  (ii)  glycero-phosphoric  acid  (ill)  cholin.* 

'  Dipiilniitic  lecithin  has  the  following  stnictural  formula  : 


the  required  changes : 


H  ;(  _(C:H,).  -( MM  :H, 

V)  1 


'  2  Palmitic  acid 


Glvcero-pho8- 
phoric  acid 


plus 


I  ^^"^  r 

II  c  o  p  o  cii c'lr,— N  < 


+3H,0= 


Cholin  or  tri- 
methyloxvethyl- 
ammonium- 
hydroxide. 


H  3('— (<  :II,).,— ('  O  (':II, 


The  dotted  lines  indicate  where  the  cleavage  of  the  molecule  takes  place. 
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The  lactose  of  the  milk  undergoes  hydrolytic  cleavage  into 
dextrose  and  galactose. 

3.  FACTORS  WHICH  INFLUENCE  INTESTINAL  DIGESTION. 

Such  fac tot's  as  cooking,  mastication,  and  temperature  have 
little  direct  influence  upon  intestinal  digestion.  Even  the  in- 
direct influence  is  slight  because  the  pancreatic  juice  can  digest 
raw  starch;  the  stomach  retains  the  food  until  the  imperfections  of 
mastication  are  largely  corrected  ;  and  its  sojourn  in  the  stomach 
certainly  gives  it  the  temperature  of  the  body.  There  are  three 
important  factors  yet  to  consider : 

a.  The  Influence  of  Bacteria  upon  Intestinal  Digestion. 

"  The  food  in  the  alimentary  canal  is  acted  upon,  not  only  by 
the  digestive  secretions  and  their  enzymes,  but  to  a  greater  or  les» 
extent  by  certain  bacteria,  which  are  never  entirely  absent,  al- 
though the  amount  of  their  action  varies  greatly  under  healthy 
conditions,  with  the  nature  of  the  food  and  the  class  of  the  animaL 
Under  abnormal  conditions  the  growth  of  these  organisms  may  be 
greatly  increased,  and  nutrition  be  seriously  impaired  by  the  turn- 
ing to  their  own  mea  the  products  of  nomial  dtgedion,  and  leavings 
for  the  service  of  the  animal,  only  degradation  products  inadequate 
or  wholly  imsuited  for  the  purposes  of  its  metabolism."  (Moore.) 

The  eflect  of  cooking  and  of  the  HCl  of  the  gastric  digestion  is 
to  practically  free  the  chyme  which  enters  the  duodenum  of  all  or 
nearly  all  bacterial  life.  We  may  look  upon  the  bacteria  of  the 
intestinal  tract  as  parasites  introduced  with  the  food  and  thriving 
only  moderately  when  all  of  the  conditions  are  normal.  When 
the  digestion  is  deranged  the  conditions  may  be  favorable  to  the 
excessive  development  of  various  bacteria  (organized  ferments) 
whose  food  is  robbed  from  the  host  and  whose  excreta  may  be  ex- 
tremely deleterious  to  the  host.  It  has  been  contended  that  these 
parasites  arc  ^^bencfciar'  ;  a  similar  contention  might  be  made  in 
behalf  of  certain  vermin  (!)    Parasitism  is  not  heneficiaL 

Xuttall  and  Thierfelder  {Zeitseh.f.  physioL  Oiemie,  1895,  Bd. 
XXI.,  8.  109)  have  demonstrated  that  young  animals  with  sterile 
alimentary  tract,  sterile  air  and  sterile  food  grow  just  as  well  as 
the  control  animals  under  the  usual  conditions.  This  applies  as 
well  for  vegetable  foods  as  for  animal  foods.  Animals  live  and 
thrive  in  spite  of  their  bacterial  parasites  and  not  because  of  them. 

The  action  of  bacteria  may  be  discussed  in  its  relation  to  differ- 
ent parts  of  the  alimentary  tract,  and  in  its  relation  to  different 
foodstuffs. 

1.  The  Action  of  Bacteria  in  Different  Parts  of  the  Ali- 
mentary Canal. — (a)  Bacteria  of  the  Mouth  have  no  iuflu- 
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enoe  upon  intestinal  digestion,  though  they  may  menace  the  teeth 
of  the  animal. 

(6)  Bacteria  of  the  Stomach  are  introduced  with  the  food 
and,  as  mentioned  above,  are  usually  destroyed  by  the  HCl  when 
that  acid  is  sufficiently  strong  (0.2  per  cent,  to  0.3  per  cent.). 
When  the  HCl  is  very  weak,  much  delayed  in  secretion  or 
wholly  absent  the  development  of  Badenum  ladin  and  various 
fermentive  and  putrefactive  forms  is  favored.  In  the  case  of 
B,  ladis  one  might  make  an  exception  to  the  statement  made 
above  that  bacteria  and  their  excreta  are  not  beneficial.  Peptic 
digestion  can  only  proceed  in  the  presence  of  an  acid.  Lactic 
acid  can  take  the  place  of  HCl  in  forming  acid  albumin  or  syn- 
tonin.  In  the  absence  of  HCl  lactic  acid,  the  excreta  of  jB.  ladis 
may  be  advantageous  to  the  system. 

((•)  Bacteria  of  the  Small  Intestine. — ^The  acid  reaction 
of  the  chyme  representing  free  HCl  and  acid  albumin  is  neutral- 
ized and  replaced  with  an  acid  reaction  due  to  the  accumulation  of 
organic  acids.  At  first  these  organic  acids  are  fatty  acids  released 
by  steapsin  from  neutral  fats ;  these  are,  however,  absorbed  as  ab- 
sorption progresses ;  the  acid  reaction  arising  from  this  source  will 
tend  to  decrease.  But  it  has  been  observed  (Macfadyen,  Nencki, 
Sieber — Arch.f.  Exp.  Path,  u.  Pharmacof.)^  that  the  acid  reaction 
usually  found  at  the  lower  end  of  the  ileum  in  man  is  due  princi- 
jmlly  to  acetic  acid,  with  only  traces  of  fatty  and  other  acids.  It 
seems  likely  that,  in  the  small  intestine,  the  acidity  due  to  fatty 
acids  is  replaced  from  above  downwards  by  acidity  due  to  fermen- 
tation of  carbohydrates.  Moore  and  Rock  wood  (Jour.  PhysioL, 
181)7,  Vol.  XXL,  p.  '573),  in  a  very  extended  and  recent  series 
of  observations  upon  the  dog,  cat,  white  rat,  guinea-pig  and  rabbit, 
conclude:  (i)  ^*The  reaction  is  not  normally  acid  throughout 
the  entire  length  of  the  small  intestine,  and  the  alkalinity  in- 
creases in  passing  down  the  intestine."  (ii)  "The  presence  of 
fat  in  the  food  causes  in  carnivora  an  acid  reaction  which  persists 
until  the  lower  third  of  the  intestine  is  reached.*'  (iii)  "  The  al- 
kalinity is  much  greater  in  herbivora  than  in  carnivora ;  *  * 
also,  in  carnivora  the  alkalinity  is  markedly  increased  by  carbo- 
hydrate food.''  (iv)  "  It  is  probable  that  in  the  animals  observed 
any  extensive  bacterial  decomposition  of  carbohydrates  that  may 
occur  takes  place  in  the  large  intestine."    (Quoted  from  Moore.) 

(</)  Bactkiua  of  the  Lauoe  Intestine. — In  this  segment 
of  the  alimentary  canal  the  reaction  is  conceded  by  all  to  be  aJka- 
fine,  due  to  the  neutnilizjition  of  any  acid  entering  the  Cfiecum  by 
the  distinctly  alkaline  secretions  of  the  mucous  membrane.  In  the 
large  intestine  profound  changes  take  place  under  the  influence  of 
putrefactive  bacteria.  The  proteids  are  es{>ecially  attackal  in  this 
segment  oi'  the  canal,  the  acid  reaction  of  the  small  intestine  pro- 
22 
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tccting  them  normally  from  putrefactive  changes  in  that  portion 
of  the  canal. 

2.  The  Action  of  Bacteria  in  Relation  to  Different  Foodstofb. 

— (a)  BAfTEKiAL  Action  OX  CARBcmYDKATEs  (consists  ( I)  in  the 
fermentation  of  the  sugars  with  the  formation  of  ethyl  alcohol, 
acetic,  lactic,  butyric,  and  succinic  acids,  with  the  liberation  of 
Ci\  and  H ;  (ii)  in  the  decomposition  of  cellulose  \vith  the  for- 
mation of  marsh  gas  (CHJ  and  (.t)^;  (iii)  in  the  decomposition  of 
starch  with  products  similar  to  (i).  The  fermentation  and  de- 
composition of  carlxjhydrates  l)egins  in  the  small  intestine  and 
progresses  with  increasing  activity  through  the  oecum,  then  with 
decreasing  activity  to  the  rectum. 

(6)  Bacterial  Action  on  Proteids  seems  to  l>e  inhibited  by 
the  acid  reaction  of  the  small  intestine.  As  soon  as  the  contents 
of  the  alimentary  tract  become  alkaline  the  decomposition  of 
proteids  is  facilitated.  There  are  two  series  of  products  formed 
during  the  putrefaction  of  proteids  and  the  proteolytes.  The 
members  of  the  first  series  are  derived  from  tyrosin  in  the  fol- 
lowing manner  : 

(Baumann,  Berirh.  d.  fJeutiwh.  chem.  Gcju*!^.,  1879,  Bd.  12, 
S.  1450.) 

H 

H  c       C^— (^— C— O  H+H,  = 
H    H  i) 

HO  C       ( -H 
C 
H 

NH3+ ( ',H )I I— ((  II,),— )( )H. 

Tryosin  or  y>-oxyphenyl-anii(lo-pr<»pionic  acid  -fH,  = 

\H  -|_  '  i>-hydrocumaric  acid  or 

*     I  y>-oxy phenyl-propionic  acid. 

y>-IIydro<  iiinari('  a(  i<I  parts  with  (  X),  and  becomes  yz-ethylplicnol 
(C,.H/()n — (/,n.)  which  has  not,  however,  l)ecn  found  in  the 
intestine,  though  it  occurs  in  experiments  in  rifro,  y>-ethyl|)henoI 
next  U^coines  oxidizi'd  (-h'^O)  to  y>-oxyphenyl-aeetic  acid.  This 
in  turn  ^ives  up  CO.,  and  becomes  y>-crcsoI  (y>-inethyl  phenol) 
which  is  a^ain  oxi(lize<l  to  y/-oxybenzoic  acid — not  yet  found  in 
the  intestine. 
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Oxybenzoic  acid  gives  up  CO^  and  forms  phenol : 

CgH.OH— COOH  =  COj+CgHjOH 
p-oxybenzoic  acid  =  CO2+ phenol. 

The  second  series  of  products  is  less  understood. 
Indol  has  the  following  structure  : 

H 

C 

HC  C— CH 
HC     C  CH 

c  n' 

H  H 

Shitol  or  Methyl-indol  has  the  following  structure  : 
H 

H 

HC     C— C— CH 

i      ll      '  H 
HC     C  CH 

C  N 
H 

l^oth  of  these  bodies  are  soluble  in  water,  from  which  solution 
they  crystallize  in  small  scales.  Both  are  in  part  absorbed  and 
iu  part  passed  out  with  the  fapces. 

h.  The  Influence  of  Cellulose  upon  Intestinal  Digestion. 

In  the  case  of  herbivora  it  has  been  demonstrated  by  Bunge 
\_P/ii/siolo(/ische  Cheinic,  1894,  8.  75]  that  cellulose  is  important 
not  as  a  nutrient  but  "  in  giving  bulk  and  looseness  to  the  food 
and  in  mechanically  inducing  peristalsis  by  irritation  of  the  mu- 
cous membrane.'*  To  the  herbivora  it  is  indispensable,  to  omniv- 
ora  like  man  it  is  advantageous  in  moderate  quantities,  to  car- 
nivora  it  has  no  advantages.  Herbivora  digest  60-70  \ycT  cent. 
oi'  it,  man,  4-(i()  per  cent,  according  to  the  condition  of  the  cel- 
lulose. Under  the  influence  of  bacteria  it  is  subjected  to  a  hydro- 
lytic  clcava<j:c  represented  in  the  following  equations  :  • 

[C,H,/),+Hp=3CO,+3CHJ, 

The  reaction  is  varied  by  the  production  also  of  acetic,  propionic, 
butyric,  and  valerianic  acids. 
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4.    THE  REMNANTS  OF  INTESTINAL  DIGESTION. 
The  Fseces. 

The  fseces  represent  that  part  of  the  contents  of  the  alimentary 
tract  which  is  not  absorbed  into  the  circulation.  The  contents 
represent  not  only  the  ingested  food  but  portions  of  various  secre- 
tions and  of  excretions,  besides  bacteria  and  their  excreta,  and 
epithelial  elements  from  the  mucous  m;imbrane.  The  bulk  of  the 
faeces  is  modified  by  the  proportion  of  indigestible  material  in  the 
ingcsta.  The  faeces  of  the  herbivora  arc  very  copious,  while  those 
of  carnivora  are  comparatively  scanty.  In  man  the  weight  will 
vary  from  170  gms.  to  400-500  gms.  according  to  diet.  The 
amount  of  water  varies  with  the  character  of  the  food  and  with 
the  habit  of  the  animal ;  free  and  frequent  passages  having  more 
water  than  those  associated  with  constipation.  The  longer  the 
ffecal  matter  is  retained  the  larger  the  proportion  of  water  ab- 
sorbed from  it. 

The  composition  of  the  faeces  may  be  classified  thus : 


npoMit 
of  the 
Fteccs. 


Giue*:  N,  H,  CO.,  II,S,  CH*. 

Liquids :   H«0  (68^  to  82^  normally ). 

Solids :   Undigested  Food.  t-Fats,  fnkgmenta  of  neat,  starch. 

Indigestible  Matter.  Cellulose,  ligaments  from  meat,  keratin,  mucin,  gums, 

!  Bacteria  and  the  resins.  Products  of  their  Decomposition  of  Foods.  I^wer 
fatty  acids,  lactic  acid,  tyrosin  and  its  decomposition  products,  phenol ; 
bwmatin,  insoluble  soaps  of  Ca  and  Mg. 

'  Bile  Residues :  Mucus,  cholesterin,  bilary  acids,  steroobilin. 

'  £ror«»i.-CT,H,,eSO,. 

Inorganic  tSJri//*.  — Soluble  salts  of  Xa.  K,  Mg,  etc. 

Insoluble  salts  of  (;a,  Mg,  Fe,  etc. 


5.  THE  MOVEMENTS  OF  THE  INTESTINES. 

The  movements  of  the  intestines  arc  together  callwl  peviHttthU. 
Peristalsis  consists  of  a  progressive  wave  of  contraction  which 
usually  passes  from  above  downwards.  This  wave  of  contraction 
involves  especially  the  circular  fibers  whose  progressive  contrac- 
tion has  the  mechanical  eff(K^t  of  sliding  a  small  ring  along  the  gut 
contracting  the  lumen  upon  the  contents.  Accompanying  the 
contraction  of  the  circular  fibers  and  just  preceding  it  is  a  con- 
traction of  the  longitudinal  fibers.  This  combined  renaimhtv 
perii<tatsif<  is  very  effective  in  pushing  on  the  contents  of  the  canal. 

The  peristiilsis  of  the  intestinal  tract  is  stimulated  by  the  j)res- 
ence  of  food  in  general ;  but  it  is  especially  stimulated  by  the 
presence  of  such  sharp  pieces  of  cellulose  as  occur  in  coarse 
meals  of  the  cereals.  The  vagus  seems  to  be  the  efferent  nerve. 
Section  of  the  vagus  causes  cessation  of  all  reflex  peristalsis.  Sec- 
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tion  of  the  splanchnics  causes  vaso-dilatation  with  profuse  secretion 
of  the  succus  entericus. 

6.  DEFECATION. 

Ingestion  begins  with  a  voluntary  act  and  is  consummated  with 
an  involuntary  act.  Egestion  or  defecation  bt^ns  with  an  in- 
voluntary act  and  is  consummated  with  a  voluntary  act. 

As  the  food  approaches  the  rectum  it  gradually  loses  water  and 
greater  force  is  required  to  move  it  along  the  canal ;  accordingly 
the  circular  muscular  coat  is  thicker  in  the  lower  end  of  the  canal, 
reaching  a  maximum  in  the  external  sphincter  of  the  anus. 

The  slow  contractions  of  these  muscles  gradually  advance  the 
fieces  to  the  rectum  where  their  accumulation  periodically  stimu- 
lates a  strong  expulsatory  contraction  of  the  circular  muscle  fibers 
of  that  viscus.  This,  though  purely  involuntary,  is  not  outside 
the  consciousness  of  the  individual.  The  final  conscious  act  con- 
sists in  voluntarily  inhibiting  or  suspending  the  tonic  contraction 
of  the  external  sphincter.  In  the  absolutely  typical  and  normal 
condition  the  contraction  of  the  walls  of  the  rectum  suffices  to  rid 
it  of  the  accumulated  fteces.  Fraiuently  the  force  of  these  muscles 
must  be  supplemented.  This  is  accomplished  by  a  voluntary 
contraction  of  the  abdominal  muscles,  which  causes  a  high  pressiu-e 
within  the  abdominal  cavity,  the  intravenous  pressure  in  the 
ha^morrhoidal  veins  is  positive,  and  there  is  a  tendency  for  these 
veins  to  become  permanently  distended,  causing  hsemorrhoids. 
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ABSORPTION.    INTRODUi  TIOX. 

1.   ABSORPTION  DEFINED. 

Thf:  term  fthHorptum  in  its  general  sense  means  imbibition  ami 
applies  with  special  fitness  to  the  ''(Irinkinff  in*'  of  a  li<[uid  by 
any  jK^rons  IkhIv  sneh  as  a  si)onge.  In  this  sense  it  is  a  piirtly 
physical  j)rrK'ess  depending  u|)on  the  Cftpi/iari/  atfrarfioit  e.xerteil 
by  the  capillary  {Hires  of  the  l>ody  iip<»n  the  liquid.  This  term 
has  bec'ii  extended  to  include  such  processes  as  the  taking-in  of 
wat^-r  In'  germinating  seeds,  a  purely  physical  process  dei>ending 
u|Kin  th<j  law>  of  diffusion  or  omosis.  It  was  the  most  natural 
thing  to  extend  the  term  to  the  process  by  which  an  organism 
takes  up  fo<xl  from  the  medium  in  which  it  exists  or  from  canals 
in  which  ftxKls  have  lK*en  dissolved  (>r  otherwise  prepan'd.  Ah- 
MorjffioHj  then,  m  f/ifif  fnnrfloit  of  the  (frf/finixniy  fhronf/li  the  r.rrrclst  o  f 
irhich  (hr  yi/sf^ni  foL'CM  in  mifri/nrnf  (hrouf/h  d  h(fnnfl(fi'f/  cjfif/tf/inm. 
It  has  iH'cn  thought  that  the  absor|)tion  by  the  system,  of  the 
j)roducts  of  dip'stion  is  a  jiurely  physical  process  de[)ending  u\)on 
the  interaction  of  two  ar  three  factors  :  osmosis,  filtration. 
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Whether  or  not  physical  forces  alone  are  sufficient  to  account 
for  the  phenomena  of  absorption  will  be  discussed  later.  In  the 
definition  of  absorption  reference  was  made  to  the  "  boundary  epi- 
thelium." The  boundary  epithelia  of  the  mammalian  body  are  :  (i) 
the  epithelium  of  the  alimentary  canal ;  (ii)  epithelium  of  the  lung 
passages  ;  (iii)  the  epithelium  of  the  urinary  tract ;  (iv)  the  cuticle. 

Of  these  boundaries  the  first  is  preeminently  an  absorptive  sur- 
face while  the  second  is  equally  absorptive  and  excretory ;  the 
third  is  wholly  excretory,  and  the  fourth  is  practiciilly  non-ab- 
sorptive ;  and  its  excretory  and  secretory  functions  are  secondary 
to  its  es{x»cial  function — protection. 

It  will  be  understood  from  this  expression  boundary  epithelium, 
that  the  physiologist  looks  upon  the  contents  of  the  alimentary 
canal,  lung  passages,  and 
renal  passages  as  being  really 
outride  of  the  orf/aniani  thouf/h 
enchsed  by  the  body.  What 
is  in  the  alimentary  canal  is 
really  not  yet  within  the 
organism.  When  it  passes 
within  the  outer  boundary  of 
the  outer  layer  of  cells,  then 
it  is  within  the  organism,  and 
the  i)assage  from  the  alimen- 
tiiry  canal  into  the  epithelial 
cells  which  surround  this 
canal  constitutes  absorption, 

2.  STRUCTURES  INVOLVED 
IN  ABSORPTION. 

Whatever  forces  may  be 
involved  in  the  process  of  ab- 
sorption,— whether  physical, 
media  ni<*al,  or  vital, — the 
area  of  absorbing  surface 
must  be  an  i!niK)rtant  factor 
in  the  total  amount  absorluHl. 

I  nder  Dlf/rsfion,  Iiifrodur- 
fl(ni,  mention  was  made  of  the 
|)roini!i(Mit  tnuisverse  folds 
of  the  iimcosii  of  the  small  in- 
testine. These  ndrnhe  con- 
ni rentes  make  the  mucous  sur- 
fa<'e  about  three  times  as  great 
MS  a  straight  cylindrical  lining  of  the  same  canal  would  lx».  V\mm\ 
this  iolded    mueous  surface  the  microscoi>e  reveals  innumer- 


Scction  of  injorted  small  intestiac  of  cat :  a,  ft, 
miiroNa  :  a,  villi ;  i,  their  abi«orbent  vrasclii ;  A, 
simple  follicleM  ;  r.  muHcularis  mue<Mi8e  ;  r/,  submu- 
coMa ;  f\  circular  and  longitudioal  laycm  of 
iuii)*clo  ;  /,  fibrouM  coat.  All  the  dark  linei*  repn»- 
M'nt  bl(MMi  tchncIh  ftlUnl  with  the  injection  manH. 

(TlKIUiOL.) 
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able  minute  finger-like  projections — the  villi.  These  projections 
are  subcylindrical  in  form  and  the  axis  of  the  cylinder  may  be 

Fig.  185. 


Showing  the  frequent  inequality  of  the  villL  (Benda.) 


Fig.  186. 


CroHH-Mection  of  an  intostiiial  villus.  />,  coluinnar  epithelium  ;  g,  goblet-ccll,  its  mucus  i.n  seen 
partly  exlnnl<Ml ;  /,  lyuiph  corpuscles  Ixftweeu  the  fpithelium-cells  ;  h,  basemcut-mcuibrane  ; 
r,  blood-oapillarie.s ;  »«,  section  of  plain  nuiscular  tiWrs  ;  r,/.,  central  lacteal.  (^Sihakfkr.) 

taken  as  averat»:in<j  about  eight  times  the  radius  of  the  base.  Tlie 
area  of  the  vilhi.s  would  then  be  about  10  times  as  great  as  the 
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area  of  the  base,  or  the  area  of  the  whole  surface  occupied  by  villi 
is  multiplied  approximately  16  times  through  the  means  of  the  villi. 
Thus  the  area  of  the  epithelial  surface  is  many  times  as  great  as 
the  area  of  the  intestine  when  considered  as  a  smooth  cylinder. 

The  accompanying  figures  show  the  structure  and  grouping  of 
the  villi.    Note  in  Fig.  184  the  coats  of  the  intestine  :  the  in- 


FiG.  187. 


Fig.  188. 


I^t  tonls,  thoracic  duct,  etc.  n,  iutostine  ; 
h,  vena  cava  iiifiTior  ;  r,  rijjht  and  left  sub- 
clavian vcin!« ;  </,  |>oint  of  (>iH>ning  of  thoracic 
«iiict  into  left  subclavian.  (Dai.ton.) 


View  of  the  prinoi}>al  branefae«  of  the  vena 
porta*.  ^'H.  1,  lower  surface  of  the  right  lobe 
of  the  liver;  2,  stomach;  3,  spleen;  4,  pan- 
creas ;  .">,  duodenum  ;  6,  ascenainff  colon  ;  7, 
small  intestine  ;  8,  descending  colon  ;  a,  vena 
iN>rtie  dividing  in  the  transverse  fissure  of  the 
liver ;  b,  splenic  vein  ;  c,  right  gastroepiploic ; 
(I,  inferior  me.nenteric  ;  e,  superior  mesenteric 
vein  ;  /,  suiwrior  mesenteric  artery.  (Quain.) 


j(Mtc(l  arteries  and  capillaries;  the  lymph  radical  in  the  second 
i\nd  fiftli  villi  from  the  left.  The  ends  of  the  cells  shown  in  the 
third  villus  from  the  left.  Fig.  185  shows  the  marked  inequality 
frcMjuently  to  be  noted  in  the  length  of  the  villi.  In  Fig.  186 
the  minute  structure  of  the  villus  is  shown.  Note,  especially,  the 
niimcrons  ca|>illaries  which  lie  just  beneath  the  basement  mem- 
l)ran(' ;  the  muscle-fibers,  and  the  large  "  central  lacteal "  or 
lyini)li  nuliele. 
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In  the  intestine  of  such  animals  as  the  eat,  rat,  and  rabbit  the 
longer  villi  reach  well  toward  the  middle  of  the  intestine. 

The  two  courses  which  absorbed  material  takes  are :  (i) 
through  the  lacteals,  and  thoracic  duct  to  the  venous  system 
(See  Fig.  187);  through  the  vena  portte  to  the  liver  (see  Fig.  187). 


3.  PHYSICAL  FORCES  INPLUENCING  ABSORPTION. 

Just  how  far  physical  forces  enter  into  the  act  of  absorption  has 
been  a  subject  of  controversy  for  a  long  time.  Recent  investigji- 
tions  tend  to  minimize  the  iiii}X)rtance  of  the  physical  forces  and 
to  magnify  that  of  the  more  distinctly  physiological  factor  selec- 
tion.'' The  student  is,  however,  unable  to  understand  the  litera- 
ture of  tile  subject  without  at  least  a  general  knowledge  of  Of- 
moHiH  and  Filtration. 

a.  Osmosis. 

The  term  osmosis  is  applied  to  diffusion  taking  place  tiirougii 
a  meml)rane.  But  diffusion  involves  a  mutual  or  reciprocal  in- 
terchange of  space  or  a  mutual  interpenetration  independent  of 
any  mechanical  mixture  (►r  chemical  reaction. 

Let  the  ojM'U  end  of  a  large  glass  tube  have  an  animal  mem- 


Fio.  189. 


Relations  of  villi  during  |>ori8tal»is. 
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brane  stretched  across  it  and  fixed  in  plac€  ;  let  the  tube  be  partly 
filled  with  a  solution  of  any  crystalline  substance  easily  soluble  in 
water ;  and  let  this  dialyzer  or  endosmonieter  be  lowered  into  a  jar 
or  beaker  of  distilled  water  until  the  liquid  within  the  dialyzer 
stands  on  the  same  level  as  that  outside.  These  conditions  ful- 
filled, one  will  observe,  after  a  few  hours,  that  the  liquid  within  is 
higher  than  that  in  the  beaker  outside,  making  it  evident  that 
water  has  passed  through  membrane  into  the  dialyzer  or  osmom- 
eter. A  chemical  test  of  the  liquid  outside  readily  reveals  the 
fact  that  some  of  dissolved  salt  has  passed  through  the  membrane 
into  the  distilled  water.  The  raising  of  the  liquid  in  the  dialyzer 
above  the  level  of  that  outside  involves  a  cerUiin  amount  of  energy. 
This  energy  is  measurable  and  may  be  determined  with  a  mercury 
manometer  or  by  simply  calculating  the  weight  of  the  column  of 
water  supported  by  the  pressure.  This  is  called  endosmotic  pres- 
sure  or  osmotic  pnmure, 

1.  Laws  of  Osmotic  Pressure. — The  work  done  by  Pfeffer 
("  ( )smotische  T^ntersuchungen,"  Leipzig,  1877)  establishes  the 
following  laws  of  osmotic  pressure  : 

Law  I.  The  osmotic  prepare  of  a  dilute  Holation  at  comtant 
temperntHve  if*  proportional  to  it»*  vonanitration,^^  (Reid,  in 
Schaefer's  Text  Book,  Vol.  I.,  p.  2(30.) 

Law  II.  "  At  vonatant  concentration  of  a  dilute  nolution  the  o«- 
motic  prvfMure  is  proportional  to  the  absolute  temperature,  (Reid.)^ 

These  two  laws  are  well  illustrated  in  the  following  data  from 
Pfeffor's     Vntersuvhungen,^^    Cane  sugar  was  use/L 


I.  Vaiivin(;  Coxckntuatiox;  \  ii.  Yarvincj  Tkmperature, 
Constant  TKMPKUATrRK  (14^  Constant  Concentration  (1 
C.)  I  Percent.). 


S.Ll HON.  IN    MM.  OF  H<i.  IKMIKKATIKK.  I  RKSSl  RK. 


1  *4  II.  C)lwor%-e<l.  ('alculated. 

4  »  2I»S2  14.150  510  M2 

r>  i  :«i7r)  lu)^  ,  r»67 

1.-1.50  I  529 


Note  that  law  i  for  osmotic  ])ressure  is  the  equivalent  of  Boyle's 
law  for  the  j^rcssurc  ro/u)ne  of  a  gas  ;  and  that  law  ll  is  the  equiva- 
lent of  ( Jluirles'  law  for  the  temperature-volume  of  a  gas.* 

'  Tin'  almolnlc  trmjyi'ratnre  (in  de^jrees  centigrade)  Lm  caicnlated  from  —  273°  C« 
as  an  ahsnluh'  zmt.    Thus  ii  temperature  of  15°  (\  equals  (273  -f  l'"*)  288°  Abs. 

^  Churlf.^"  Imw  :  "  The  volume  of  a  gaw,  if  the  pressure  remain  the  same,  is  di- 
rertly  prop»>rtional  to  its  al>solute  temperature.  If  the  pressure  and  volume  both 
vary,  then  tlieir  pnxluct  is  proportional  to  the  absolute  temperature."  (Daniell's 
Plivsirs,  p.  77.  ) 


348 


ABSORPTION:  INTRODUCTION, 


Law  III :  "  Tlie  omiotw pressure  of  a  dissolved  substance  is  eocacity 
the  same  as  the  ga^  pressure,  measured  by  the  manometer ,  which  one 
woidd  observe  if  he  could  remove  the  solvent  and  leave  the  dissolved 
substance  a  gas  filling  the  same  volume^  (Nernst's  "  Theoret- 
ical Chemistry."    Cited  by  Reid.) 

Van't  Hoff  calls  attention  to  the  fact  that  the  hypothesis  of 
Avogadro*  then  is  not  merely  capable  of  extension  by  the  law  of 
Henry  to  solutions  of  gases,  but  to  solutions  of  matter  which  is 
not  gaseoas  under  ordinary  circumstances.  From  the  foregoing 
Keid  formulates  the  following : 

Law  IV  :  "  Equal  volumes  oj  gase»  or  dilute  solutions  at  the  same 
gas  or  osmotic  pressure,  and  at  the  same  temperature,  contain  eqiuU 
numbers  of  molecules.^^  (Schaefer's  Text-book  of  Physiology,  Vol. 
IL,  p.  266.) 

Within  certain  limitations  Dalton's  law  for  gas  mixtures^  holds 
for  the  osmotic  pressure  of  a  mixture  of  substances  : 

Law  V.  The  total  osmotic  pressure  of  a  mixture  of  substances 
(in  solution)  is  equal  to  the  sum  of  the  partiid  osmotic  pressures  of 
the  several  components.'^  (Reid.) 

Adie  {Jour,  Chem.  Soc.  London,  1891,  Vol.  LIX.,  p.  344, 
cited  by  Reid)  calls  attention  to  the  fact  that  "  when  the  two  or 
more  constituents  of  the  solution  have  a  common  ion  each  salt 
diminishes  the  dissociation  of  the  other,  so  that  the  pressure  of  the 
mixture  is  less  than  the  sum  of  the  pressures  of  the  two  com- 
ponents. 

For  example  the  osmotic  pressure  of  1:40  solution  of  Al2(SO^)3 
is  1.27,  of  a  1:40  solution  K^SO,  is  1.29.  The  sum  of  the 
pressures  is  thus  2.56.  But  the  pressure  of  1:40  solution 
K,Al,(SOj^  is  not  2.56  but  2.39. 

The  osmotic  pressure  of  a  solution  is  a  measure  of  the  osmotic 
activity.  The  above  laws  take  into  consideration  only  temperature, 
degree  of  concentration,  and  tlic  influence  of  mixtures  ;  but  most  im- 
portant factors  are  the  character  of  the  membrane  and  of  the  solvent. 

Summing  up  this  brief  discussion  of  osmosis  one  may  give  the 
following  factoi's  as  concerned  in  the  rate  of  osmosis  : 

(i)  The  (|uantitativc  composition  of  the  solutions  separated  by 
the  membrane,  and  consequently  the  partial  osmotic  pressure 
exerted  by  the  several  constituents. 

(ii)  The  coefficients  of  diffusion  of  the  various  constituents. 

(ill)  The  character  of  the  membrane. 

(iv)  The  character  of  the  solvent. 

(v)  The  temperature. 

*  A vogndro's  hypothesis  :  Eqnnl  volumes  of  ail  gases  contaiJi  the  same  lunnhcr  of 
molerules. 

*Thu  pressure  exerted  bv  ejieh  eomponent  of  a  mixture  of  gases  is  independent 
of  the  pressures  exerted  by  the  rest  of  the  components. 
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(vi)  The  hydrostatic  pressure  upon  the  two  sides  of  the  mem- 
brane (filtration). 

6.  Filtration. 

Filtration  is  the  passage  of  a  liquid  through  a  membrane  under 
the  influence  of  pressure.  It  is  a  purely  mechanical  process.  In 
the  animal  body  any  filtration  which  may  occur  is  complicated 
with  an  osmosis  which  is  going  on  at  the  same  time,  for  in  every 
case  the  relation  of  liquid,  membrane  and  filtrate  are  such  as  have 
just  been  described  under  osmosis. 

In  fact  factor  (vi)  above  gives  hydrostatic  pressure  as  one  of  the 
variables,  so  that  in  the  living  organism  cases  of  filtration  may  be 
classified  as  cases  of  osmosis  where  the  principal  determining  factor 
is  hifdrostaiic  pressure. 

The  following  factors  are  active  in  filtration  : 
(i)  The  porosity  of  the  membrane, 
(ii)  The  degree  of  pressure. 

(ill)  The  character  of  the  liquid  to  be  filtered. 

(iv)  The  temperature  of  the  liquid, 
(v)  The  action  of  the  liquid  upon  the  membrane. 

(vi)  The  osmotic  relations  of  liquid  to  filtrate. 

4.  FOBMEB  THEORIES  OF  ABSORPTION  REVIEWED. 

a.  The  Vital  Energy  Theory. 

The  earlier  theories  of  the  physiologists  regarding  the  forces  in- 
volved in  absorption  are  very  well  represented  by  Tiedemann  and 
Gniclin  (({uoted  by  Heidenhain,  Arch,  /.  d,  ges.  Physiol,,  1888, 
Bd.  XLIII.,  S.  ()d)  who  likened  it  to  secretion,  and  wnceived 
that  it  was  practically  the  same  process  reversed  in  direction;  he 
ascribed  to  the  cell  the  force  necessary  to  accomplish  this  work 
and  looked  upon  it  as  one  of  the  manifestations  of  the  vital  energy 
of  the  cell. 

b.  The  Physical  Theory. 

The  next  generation  of  physiologists  experienced  a  reaction 
against  the  vital-energy  theory.  The  physical  phenomena  of  dif- 
fusion, osmosis,  and  imbibition  were  better  understood.  Ludwig, 
Hriieke  and  their  associates  were  devoting  their  energies  toward 
the  solution  of  physiological  problems  through  the  laws  of  chem- 
istry, physics  and  mechanics.  These  efforts  had  a  most  salutary 
cttect  upon  physiology.  That  field  of  human  knowledge  assumed 
under  thvAC  men  the  dignity  of  an  exj)erimental  science.  The 
methods  of  investigation  were  the  exact  methods  of  the  chemical 
or  physical  laboratory. 

It  was  the  ho|K^  of  this  school  of  physiologists  to  account  for 
all  of  the  ])henoniena  of  life  as  the  manifestation  of  the  action. 


350 


ABSORPTION:  INTRODUCTION. 


and  more  or  less  complex  interaction  of  the  forces  already  known 
in  chemistry  and  physics.  They  considered  that  the  processes  of 
digestion  are  chemical  processes,  pure  and  simple ;  that  the  proc- 
esses of  aJbsorption  are  physical  and  mechanical  processes  pure  and 
simple. 

The  epithelium  of  the  alimentary  canal  represents  a  dialyzer 
membrane  :  on  one  side  is  the  blood  containing  non-diffusible 
proteids,  on  the  other  the  products  of  digestion  containing  diffusi- 
ble proteids.  If  the  salts  in  the  contents  of  the  alimentary  canal 
make  too  strong  a  solution  {e.  g.,  MgSO^)  water  diffuses  rapidly 
into  the  canal  and  a  serous  catharsis  follows.  In  the  usual  rela- 
tion between  the  blood  plasma  and  the  contents  of  the  canal  the 
water  readily  diffuses  into  the  blood.  Filtration  was  invoked  to 
assist  osmosis  where  that  failed  to  satisfy  the  requirements. 
Briicke  called  attention  to  the  fact  that  peristalsis  causes  an  in- 
creased pressure  in  certain  portions  of  the  canal.  The  contrac- 
tion of  the  villi  empties  them,  driving  the  contents  of  the  lynipli 
radical  on  into  the  lacteals,  and  the  contents  of  the  capillaries  on 
into  the  venules  of  the  portal  system.  The  valves  in  the  lacteals 
and  the  veins  prevent  regurgitation  of  the  lymph  and  blood  when 
the  muscles  of  the  villi  relax.  The  natural  elasticity  of  the  villi 
tends  to  cause  them  to  regain  their  original  size  thus  making  a 
negative  pressure  within  the  villi.  Attention  was  also  called  to 
the  fact  that  at  the  point  where  a  peristaltic  wave  contracts  tlie 
canal  to  one  half  or  one  third  its  usual  lumen  the  apices  of  the  villi 
come  together  while  there  is  still  liquid  around  their  bases  (Fig. 
188).  A  further  contraction  puts  the  liquid  thus  enclosed  under 
pressure.  The  direction  of  this  pressure  will  assist  its  filtration 
into  the  villi. 

Absorption  of  fat  globules  was  looked  upon  as  a  purely  me- 
chanienl  process  in  which  the  epithelial  cells  through  their  mar- 
ginal rods  or  the  lymph  corpuscles  engulfed  the  globules  and 
transported  them  bodily  to  the  lacteals.  It  was  expected  that 
this  array  of  physical  and  mechanical  forces  would  account  for  all 
the  phenomena  of  absorption.  More  searching  investigations  on 
the  part  of  the  champions  of  the  physical  tlieory  revealed  the  in- 
adeciuacy  of  physical  laws,  as  understood  by  physicists  to  account 
for  the  observed  physiological  phenomena. 

c.  The  Selection  Theory. 

The  pendulum  of  thought  has  swung  l)ack  toward  the  vitiil 
theory  again.  AVe  do  not  use  "  vital  energy'^  in  our  terminology 
because  the  literature  of  the  ])ast  prejudices  us  agjiinst  that  ex- 
pression. AVc  say  knowingly  that  the  cell  "  .vc/<'c/.y  the  ma- 
terials which  are  to  he  absorbed,  but  the  niyster}'  is  as  great  in 
nelecfion  as  when  the  thing  was  accomplished  by  virtue  of  a 
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"  vital  energy."  Moore  sums  up  well  our  present  views  on  ab- 
sorption. The  cells  of  a  secreting  gland  take  up  certain  ma- 
terials from  the  lymph  in  which  they  arc  bathed,  and  from  these, 
in  some  manner,  elaborate  certain  products  which  are  passed  into 
the  gland  lumen  as  a  secretion.  Similarly,  the  absorbing  cells  of 
the  intestine  take  up  certain  products  of  digestion  from  the  in- 
testinal contents  by  which  they  are  bathed,  and  build  up  from 
these,  certain  materials  which  pass  into  the  lymph  (and  plasma). 
So  that  absorption  may  be  regarded  as  a  sort  of  reversed  secretion. 
In  both  cases  the  process  is  a  selective  one. 

The  character  and  rate  of  the  secretion  are  much  influenced  by 
the  amount  and  the  pressure  of  the  blood  in  the  gland ;  similarly 
the  character  and  rate  of  absorption  are  influenced  by  the  condi- 
tions which  exist  in  the  alimentary  tract.  Instead  of  looking 
upon  the  pliysical  forces  of  diffusion  and  pressure  as  the  sole  fac- 
tors of  absorption  we  now  recognize  them  as  modifying  factors. 

The  following  are  some  of  the  facts  which  prove  that  the  proc- 
ess of  absorption  is  not  one  of  simple  diffusion  :  (a)  Alkali- 
albumin  and  acid-albumin  are  practically  indiffusible,  yet  they  are 
readily  absorbed  from  the  large  intestine,  also  from  a  loop  of 
small  intestine  in  the  absence  of  all  proteolytic  enzymes.  (6) 


"  The  rate  of  absorption,  from  the  intestine,  of  various  dissolved 
substances  is  not  proportional  to  their  diffusion  coefficients." 
Rohniann  {Arch,/,  d,  ges.  Physiologic,  Bd.  XLI.,  S.  411),  found 
that  from  a  mixture  of  equal  parts  of  NajSO^  and  dextrose  the 
more  slowly  diffusible  dextrose  is  much  more  rapidly  absorbed 
than  the  sodium  salt.  These  facts  a)id  many  others  lead  phymolo- 
r//.s/w  to  attribute  to  the  Kclective  power  of  the  living  epithelial  cells  the 
typical  phenomena  of  absorj)tionj  recognizing  meantime  that  osmosis 
and  filtration  arc  modifying  factors. 
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THE  PHYSIOLOGY  OF  ABSORPTION. 

1.    ABSOBPTION   FROM    DIFFEBENT   PORTIONS   OF  THE 
ALIMENTAEY  CANAL. 

a.  Absorption  from  the  Moath. 

That  a  certain  amount  of  the  soluble  portions  of  the  food  i& 
absorbed  by  the  mucous  membrane  cannot  be  doubted.  But  oral 
absorption  is  solely  incident  to  the  sense  of  taste  and  is  too  slight 
to  be  taken  into  account  as  a  factor  in  nutrition. 

6.  Absorption  from  the  Stomach. 

The  investigations  of  recent  years  tend  to  minimize  the  impor- 
tance of  the  stomach,  not  only  in  digestion,  but  also  in  absorption. 
Before  the  subject  was  investigated  with  sufficient  care  it  was 
taught  that  water  and  salts  are  absorbed  freely  by  the  stomach. 
It  may  be  demonstrated,  however,  that  only  a  very  small  propor- 
tion (about  1  per  cent.)  of  the  water  is  absorbed  even  when  a  con- 
siderable quantity  of  water  alone  is  taken  into  the  stomach. 

Salts  and  sugars  in  solution  are  absorbed  most  readily  when  the 
degree  of  concentration  is  considerable ;  the  minimum  degree  at 
which  absorption  may  take  place  being  3  per  cent,  for  salts  and 
5  per  cent,  for  sugars  ;  the  most  favorable  degree  of  concentration 
being  20  per  cent,  for  grape  sugar  while  in  the  small  intestine  it 
is  0.5  per  cent. 

The  proteoses  and  peptones  are  probably  absorbed  to  a  certain 
extent  by  the  gastric  mucous  membrane,  at  any  rate  the  presence- 
of  these  products  of  gastric  digestion  greatly  stimulates  the  activ- 
ity of  tlie  gastric  glands. 

Alcoliol  is  freely  and  rapidly  absorbed  by  the  stomach. 

c.  Absorption  from  the  Small  Intestines. 

Absoq)ti()n  from  mouth  and  stomach  seems  to  be  purely  inci- 
dental. If  there  is  a  specialized  organ  of  absorption,  that  organ 
must  be  the  villus  of  the  small  intestine.  The  villus  seems  to  1x3 
especially  fitted  structurally  for  absorption ;  it  is  the  orgjm  which 
absorbs  nearly  all  of  the  licfuid  nutriment  for  the  organism  ;  no 
other  function  may  be  ascribed  to  it. 

These  considerations  justify  us  in  calling  the  ihUus  the  oryan  of 
absorption. 

From  the  lumen  of  the  small  intestine  the  villi  absorb  the  pro- 
ducts of  gastric  and  of  intestinal  digestion  ;  sugars,  proteoses,, 
peptones,  fatty  acids,  soaps,  water,  salts,  etc. 
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d.  Absorption  from  the  Large  Intestine. 

Water  and  salts  are  readily  absorbed  by  the  large  intevStine. 
This  visciLs  seems  to  be  an  important  site  for  the  absorption  of 
water,  as  the  intestinal  contents  pass  the  ileocecal  valve  in  a 
liquid  state — simulating  chyme — and  enter  the  rectum  in  a  pasty 
condition,  the  water  having  been  largely  absorbed. 

About  14  per  cent,  of  the  proteids  and  small  amount  of  sugars 
and  fats  are  also  absorl)ed  from  the  large  intestine. 

Most  interesting  of  all  is  the  fact  that  enemata  of  undigested 
proteid,  syntonin  or  alkali-albumin,  even  dilute  egg-albumin,  is 
absorbed  in  sufficient  quantity  to  nourish  an  animal. 

2.  THE  ABSORPTION  OF  DIFFERENT  FOODSTUFFS. 

a.  The  Absorption  of  Water. 

As  has  been  stated  above  water  is  absorbed  principally  from 
the  small  and  large  intestines.  The  portion  absorl)ed  from  the 
former  is  absorbed  mostly  from  the  hnver  segment,  namely  the 
ileum,  while  it  is  the  first  portion  of  the  large  intestine  that  takes 
up  most  of  the  water  which  remains  in  the  intestinal  contents 
when  they  pass  the  ileocaecal  valve. 

The  significance  of  these  facts  regarding  the  absorption  of  water 
is  not  difficult  to  see.  If  the  water  were  largely  absorbed  in  the 
stomach  and  the  upper  part  of  the  small  intestine  the  absorption 
of  the  other  products  of  digestion  from  the  small  intestine  would 
be  much  hindered,  because  experiment  has  shown  that  the  ab- 
sorption of  the  dissolved  foodstuffs  is  much  facilitated  by  dilute 
solutions.  Furthermore  the  movements  of  a  viscous  mass,  de- 
prived of  most  of  its  water,  would  be  much  hindered. 

AltogetluT  it  seems  most  natural  and  advantageous  for  the 
water  to  i)e  ai)S()rbeil  late  in  the  general  process  of  absorption. 

/>.  The  Absorption  of  Salts. 

If  the  laws  of  diffusion  dominate  the  process  of  absorption, 
and  if  osmotic  pressure  is  the  principal  force  involved  in  this  proc- 
ess, we  shall  exjM'ct  to  see  these  physical  laws  and  forces  espe- 
cially evident  in  the  ai)sorption  of  salts  and  their  solvent  water. 
The  serous  catharsis  referred  to  above  seems  to  be  an  example  of 
a  diffusion  of  water  from  the  blood  into  the  lumen  of  the  intes- 
tine, induced  i)y  the  high  concentration  of  the  salt  solution  in  the 
intestine.  Wiien  such  conditions  exist  in  a  dialyzer,  water  passes 
through  the  membrane  from  the  less  concentrated  into  the  more 
concentrated  solution,  while  salt  passes  from  the  more  concen- 
tnited  into  the  less  a)ncentrated  solution.  The  watery  stools  fol- 
lowing ingestion  of  strong  solutions  of  MgSO^  and  related  salts 
2:i 
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seem  to  confirm  this  theory.  Recent  experiments  by  Wallace 
and  Cushny  Intestinal  Absorption  and  Saline  Cathartics/'  Am. 
Jour.  Phymol.,  Vol.  I.,  No.  IV.,  July,  1898)  show  that  "Dilute 
solutions  (isotonic)  of  the  saline  cathartics  retard  the  absorption 
of  fluid  from  the  stomach  and  small  intestine,  and  thus  act  by 
rendering  (keeping)  the  contents  more  watery  and  more  easily 
moved  through  the  lower  parts  of  the  alimentary  canal."  *  *  * 
"  They  (dilute  solutions  of  the  cathartics)  do  not  necessarily  in- 
crease the  fluid  of  the  bowel,  but  merely  fail  to  be  absorbed  and 
thus  render  the  fieces  more  fluid  and  more  easily  moved  through 
the  large  intestine." 

The  same  observers  found  that  if  a  hyperistonic  solution  of 
MgSO^  be  introduced  into  the  intestine  it  is  reduced  to  the  iso- 
tonic condition  by  interchange  with  the  blood  ;  while  if  a  hypis- 
tonic  solution  of  MgSO^  be  introduced  into  the  intestine  it  is 
raised  to  the  isotonic  condition  by  interchange  with  the  blood, 
probably  by  giving  up  water  to  the  blood. 

If  instead  of  using  one  of  the  salts,  which  clinical  observations 
have  led  us  to  classify  as  cathartic  salts,  NaCl  be  used  it  will  be 
found  (Heidenhain,  PfllUjcr'n  Archlv.,  1894,Vol.  56,  S.  579)  that 
dilute  solutions  (0.3-0.5  ^)  are  completely  absorbed,  both  the 
water  and  the  salt  passing  into  the  blood.  Wallace  and  Cushny 
observed  a  similar  phenomenon. 

Evidently,  then,  the  absorption  of  salts  (and  water)  obeys  the 
laws  of  diffusion  more  or  less  faithfully  according  to  the  mlf  in 
solution. 

Why  NaCl  should  pass  the  epithelial  boundary  so  readily  while 
the  passage  of  MgSO^  is  practically  barred  out,  cim  only  be  ac- 
counted for  on  the  basis  of  a  selective  act  on  the  ]>art  of  the 
epithelial  cells.  From  the  accounts  of  experiments  with  tlie  two 
classes  of  salts  rej)reseuted  by  NaCl  and  MgSO^  one  can  scarcely 
avoid  the  conviction  that  the  presence  of  such  salts  as  MgSO^  in 
the  intestine  ailects  the  epithelium  hi/  mspendinr/  it^  t<cfrctiv<'  power 
(tnfl  reducing  them  to  a  mere  jfm.vre  niembntne  mhject  to  the  iairs  of 
xiinple  diffusion.  That  such  an  effect,  especially  when  produced 
i)y  strongly  hyperistonic  solutions  may  be  deleterious  to  the  sys- 
tem is  not  unlikely.    Tiie  (jucstion  deserves  investigation. 

Summarizing,  (me  may  say  :  The  minh/e  so/ts^  common  in  the 
foods,  fire  reodiii/  (d)xorhcd  by  the  epithelium  of  the  smaff  intesfine. 
The  (d)Horpii<tnj  though  influenced  by  the  laws  of  diffusion j  responds 
primarily  to  the  selective  power  of  the  epithelial  cells, 

c.  The  Absorption  of  Carbohydrates. 

The  whole  process  of  carbohydrate  digestion  })oints  toward  the 
monosaccliarids  as  the  form  in  which  carbohydrates  are  to  be  ab- 
sorbed. 
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The  fact  that  only  the  monosaccharids,  especially  dextrose,  may 
be  found  in  the  blood  of  the  portal  vein  seems  to  confirm  this 
indication.  Rohmann  {Pfiuger's  Arch.,  1887,  Bd,  XLI.,  S.  411) 
found  that  starch  solution  disappears  rapidly  from  an  intestinal 
loop.  The  succus  entericus  has  almost  no  action  upon  starch.  It 
must  then  be  absorbed  as  starch  by  the  epithelial  cells.  It  leaves 
those  cells  as  dextrose.  The  cells  must,  then,  have  the  power  to 
digest  starch.  Experiments  of  other  investigators  also  point  to 
similar  conclusions. 

Under  the  usual  conditions,  however,  it  is  certain  that  by  far 
the  greater  part  of  the  carbohydrates  is  absorbed  in  the  form  of 
monosaccharids,  dextrose,  levulose,  galactose,  from  the  small  intes- 
tine, an  unimportant  fraction  may  be  absorbed  in  the  form  of 
disaccharids,  or  even  polysaccharids ;  a  small  proportion  is 
absorbed  by  the  stomach  and  large  intestine. 

cl  The  Absorption  of  Proteids. 

As  in  the  case  of  carbohydrates  so  in  the  case  of  proteids  the 
processes  of  digestion  are  processes  of  solution  and  change  from 
indiffusible  to  diffusible  forms.  That  the  solution  of  proteids  is 
necessary  would  seem  certain  ;  yet,  diluted,  not  dissolved,  egg- 
albumin  is  absorbed  from  the  large  intestine  when  given  as  an 
enema;  and  diluted  egg-albumin  is  absorbed  (16-33  percent.) 
from  a  loop  of  itttestine  in  the  absence  of  all  proteolytic  enzymes. 
Actual  chemical  solution  is  then  not  a  necessary  preliminary'  to 
absorption  ;  it  is  only  necessary  that  the  proteid  be  in  a  dilute  liquid 
form.  When  the  ideas  of  physiologists  on  this  problem  were 
made  to  harmonize  with  the  osmosis  theory  the  reduction  to  a 
illjj'tislh/e  peptone  was  looked  upon  as  a  necessary  preliminar\'  to 
absorption.  Though  peptone  is  diffusible  its  diffusibility  is  much 
too  low,  its  rate  much  too  slow,  to  account  for  what  actually  takes 
place  in  the  alimontarv  canal.  Acid-albumin  or  alkali-albumin  is 
absorbed  from  a  loop  of  intestine  almost  as  completely  as  are  pe})- 
tones  and  proteoses,  though  much  more  slowly  than  they  (/.  e., 
about  ()()-7()  percent,  in  24  hours. — Iluber,  185)1).  The  amount 
o{'  /rnrin,  fj/r()f<ln,  and  allied  IxkHcs  formed  in  normal  digestion  is 
probably  very  small  because  of  the  rapid  absorption  of  the 
proteoses  and  i)eptones  ;  naturally  then  the  amount  of  these  amido- 
acids  normally  absorbed  will  be  small.  A  small  amount  of  pro- 
teids is  absorbed  from  the  stomach,  about  14  per  cent,  from  the 
large  intestine,  and  all  the  remainder — 80-85  jxir  cent. — from  the 
small  intestine. 

Smnmarv  :  .1  large  proportion  of  the  proteids  are  absorbed  by  the 
small  I  litest  ine  i)i  the  form  of  proteoses  and  peptones,  A  small  part 
of  the  proteids  may  be  absorbed  from  the  alimentary  canal  in  the 
form  of  alkali-albumin  or  acid-albumin  or  even  as  native  proteid. 
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€,  The  Absorption  of  Fats. 

The  digestive  processes  of  the  small  intestine  change  fat  to  a 
mixture  of :  fatty  acids,  glycerine,  soaps,  and  emulsified  fats. 
The  fatty  acids  are  soluble  in  the  bile  acids.  Glycerine  and  the 
sodium  and  the  potassium  soaps  are  soluble  in  water,  calcium  and 
magnesium  soajjs  are  soluble  in  the  bile  salts, — probably  changed 
to  sodium  soaps.  The  large  amount  of  emulsion  as  compared  to 
the  amounts  of  the  other  forms  found  in  the  intestine  together 
with  the  discovery  of  innumerable  oil  globules  in  the  epithelial 
cells  during  absorption  ;  and  the  appearance  of  oil  globules, — 
emulsion,  in  the  chyle  of  the  lacteals  during  absorption  led  phys- 
iologists to  conclude  that  the  fat  is  absorbed,  for  the  most  j>art,  in 
the  form  of  an  emulsion.  Earnest  efforts  have  been  made  to 
reconcile  this  theory  with  the  recognized  limitations  of  fixed 
epithelial  cells. 

Before  we  accept  the  emulsion  theory  of  absorption  the  follow- 
ing facts  should  be  considered  : 

(a)  Ingested  soluble  soaps  are  absorbed  (Radziejewski,  T7/Wi. 
Arch.,  Bd.  LVI.,  S.  211— cited  by  Moore). 

(/9)  Soap  and  glycerine  are  absorbed  and  synthesized,  after 
absorption  and  before  the  lacteals  are  reached,  into  neutral  fat 
which  circulates  through  the  lacteals  as  a  typical  chyle  emulsion. 
The  epithelial  vcIIh  when  treated  with  oftmic  acid  shoic  abundant  oil 
(jlohule^,  (Perewoznikoff,  cited  by  Moore,  Schaefer^n  Physiology y 
Vol.  L,  p.  451.) 

(j)  Ingestion  of  free  fatty  acid  and  glycerine  is  followed  by  a 
syntnesis  within  the  epithelium  and  the  api)earance  of  fat  globules 
there.  (Will.,  Arch.  f,  d.  </<%v.  PhymoL,  Bd.  XX.,  S.  255,  quoted 
by  Moore.) 

[d)  Ingestion  of  free  fatty  acid  alone  was  followed  by  the  ap- 
pearan(^  of  fat  globules  in  the  epithelial  cells.  In  this  case  the 
cells  must  have  furnished,  from  some  source,  the  glycerine  con- 
stituent of  the  fat  formed. 

(s)  Steapsin  acts  rapidly  the  fat  and  in  the  usual  time 

consumed  in  intestinal  digestion  would  be  able  to  change  the  usual 
amount  of  fatty  food  into  fatty  acid  and  glycerine.  (Racliford,  in 
Jour,  PhifHiol.^  Vol.  XII.,  p.  92,  quoted  by  Moore.) 

(^)  It  has  been  objected  to  the  soap  theorj-  that  the  amount  of 
XaX'O.^  necessarj'  to  saponify  the  fat  of  one  meal  would  be  three  or 
four  times  as  much  as  the  whole  body  contains.  Moore  calls  atten- 
tion to  the  fact  that  once  the  soap  passes  into  the  epithelium  the 
Xa  is  of  no  further  use  in  the  cell  and  can  be  used  over  and  over 
again  as  a  carrier.  One  can  conceive  of  a  sodium  atom  (i)  being 
carried  into  the  intestine  as  a  part  of  the  secretion  combined  with 
;  (11)  dropping  the  CO^  to  join  with  a  molecule  of  palmitic  or 
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other  fatty  acid  and  passing  inrto  the  cell ;  (iii)  dropping  the 
palmitic  acid  for  — OH;  (iv)  passing  to  the  intestinal  surface  of 
the  cell ;  (v)  saponifying  another  molecule  of  palmitic  acid 
carrying  it  into  the  cell ;  and  again  joining  with  — OH,  etc., 
etc.,  repeating  the  cycle  indefinitely.  The  formation  of  soap  on 
the  outer  side  of  the  epithelium  is  a  spontaneous  chemical  reaction. 
The  breaking  up  of  that  molecule  to  liberate  palmitic  acid  for 
synthesis  with  glycerine  and  Na  for  synthesis  with  — ^OH  is  prob- 
ably due  to  a  ferment  action  of  the  cell.  Note  that  a  mystic  vital 
force  is  called  in  at  the  critical  point.  The  same  force  must  be 
invoked  to  put  the  NaOH  out  on  the  proper  side  of  the  cell. 

()})  Fatty  acids  are  soluble  in  bile  acids.  A  series  of  observa- 
tions by  Altmann  and  by  his  pupil,  Krehl  (Arch.  /.  Anat.  u. 
Phys.y  Leipzig,  1889,  Supl.  Bd.,  S.  86,  cited  by  Moore)  show  that 
the  fatty  acids  dissolved  in  the  bile  acids  are  absorbed,  and  syn- 
thesized into  neutral  fats  with  formation  of  fat  globules  in  the 
epithelium. 

From  the  observations  above  cited  it  is  evident :  (i)  That  the 
appearance  of  fat  globules  in  the  epithelial  cells  and  the  lacteals 
does  not  necessarily  demonstrate  that  the  fat  is  absorbed  as  an 
emulsion ;  (ii)  that  the  appearance  of  fat  globules  in  the  epithe- 
lial cells  and  the  lacteals  after  ingestion  of  soaps  or  of  fatty  acid 
and  glycerine  does  demonstrate  that  the  elements  of  fats  may  be 
absorbed  in  this  form  and  neutral  fat  synthesized  by  the  cells 
from  the  elements;  (iii)  that  special  cell  activity  is  necessary  in 
either  aise. 

\\\\Q\\  two  alternatives  are  presented  the  physiologist  is  wise  to 
accept  with  sus|)ended  final  judgment  the  one  which  is  most  rea- 
sonable and  most  in  harmony  with  other  similar  processes.  Ab- 
sorption of  fat  in  globules  is  wholly  inexplicable ;  absorption  of 
fat  in  solution,  a^  soaps  and  fiitty  acids,  is  only  partly  inex- 
])licable. 

Summary  :  The  Emuusiox  Theory  of  fat  abHorption  is  that  by 
far  the  (/rcatcr  part  of  the  fat  paaHea  into  the  celln  in  the  form  of  mnall 
(//ohu/esj  neutral  fat  in  eniiMon,  or  of  fatty  acid  in  emulsion,  while 
a  minute  portion  may  he  absorbed  as  soap. 

The  Solution  Theouv  of  fat  absorption  is  thaiai  the  moment  of 
enterinf/  the  epitheli<d  cell  the  fat  or  fat  elements  are  in  solntion  either 
a^^  soaps  in  atfueons  solution  or  as  fatty  acids  in  solution  in  bilary 
aeids  ;  th(d  the  absorbed  elements  are  synthesized  in  the  epithelial  cell 
fwminf/  neutral  fat  which  appears  in  globules,  and  that  these 
(/lobules  pass  from  the  cells  into  the  la<^teals,  forming  the  milky  chyle. 
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METABOLISM. 
INTRODUCTION. 
1.  METABOLISM  DEFINED  AND  CLASSIFIED. 

The  German  physiologists  wore  first  to  separate  out  from  the 
jroneral  territory  of  nutrition  a  separate  field  in  which  to  include 
all  those  chemical  processes  by  which  matter  is  transformed  from 
non-living  nutrients  to  living  protoplasm,  and  from  living  proto- 
plasm to  dead  excreta.  This  change  of  matter  was  called  Stoff'- 
wei'lm^l ;  our  technical  term  metabolism  is  used  to  cover  the  same 
field.  Reference  was  made  to  the  building  up  of  nutrients  into 
living  protoplasm  and  a  reverseil  process.  These  two  phases  of 
metabolism  are  called  respectively  Anaholism  and  KataboUsm, 
These  terms  are  not  so  circumscribed,  however,  as  might  seem 
from  the  foregoing :  Anabolixin  includes  all  those  chemical 
changes  by  which  molecular  structure  becomes  more  complex 
and  enerfjij  is  imuJe  laicnt ;  while  katabolism  inchufes  all  the 
chemical  changes  by  which  molecular  structure  becomes  more 
simple  and  cncn/u  is  liberated, 

2.  METABOLIC  TISSUES  AND  ORGANS. 

All  specialized  functions  of  the  living  organism  are  performed 
by  specialized  tissues  or  organs  or  systems  of  organs.  Mctal>olism 
is  not  a  specialized  function  ;  it  includes  the  chemical  phases  of 
all  tissue  activity,  and  is  usually  incidental  to  a  primary  function. 
For  example  :  the  primary  function  of  the  glandular  tissues  is  se- 
cretion ;  but  incidental  to  the  secretion  is  a  series  of  chemical 
chan<^cs  which  may  be  considered  under  the  head  of  metabolism. 
In  a  similar  mtmner  muscular  and  nervous  tissue  possess  primary 
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fuuQthms  peeuliar  to  them  and  umlorgi*  metabolic  changes  in  the 
perfannance  of  those  functions*    All  active  tisBues,  then,  are  meta- 


BiflgTaxiiiiiiiijc  repff'siJiitiiUnii  uf  two  bcjuitlc  ItabiilMs.  The  left-hmHl  lolvnle  im  n-pre^eiitecl  with 
tht^  IntralutiuLar  viht  eiit  iwt^j^*  ;  In  tU*-  rtgbt-baGid  imk'  I  lie  -fectlod  Iftke-^  the  c:uiir-*<?of  the  inlni* 
lobuliir  vi'in.  p,  mtr»\uUil^r  brtinulMi?-  of  the  portnl  vein;  A,  iuiraVibulor  hmutihe*  of  rho 
bepHtic  V€riiJ;H  1 4f,  sublitbitlur  vuLu  ;  c,  mptltaries  <>f  llie  lobukis.  Tbe  arrows  Luiiitiitc!  Ibi-  dlrei- 
ttnn  of  the  amrm  of  tb**  blnod.    Tho  livpT-c©lIrt  tire  obly  rcprK^ntcd  in  one  pwt  of  eacb  litbulti. 


Fig.  19L 


IMAi^ram  of  the  5tTi4i'turt' of  tbt'  livei'. 
/*  r,,  tlin  ptirUl  or  iuierloloiliff  Titin, 
wbl4:h  hrvaksi  up  Itito  rfie  eti|iLJiarv  ii^t- 
work  of  tb<?  lobule;  //.  t',  cfrutral  Inlra- 
lobiibir  v^'in,  ft  Linitirh  of  tb^  bi'putii:i; 
if.  hopatic  arti»rj\  ^lifiplyiiig  iinlrt- 
tUm  iit  tlio  trjtL^rlubiita.r  ^trin^Liirei.  uwl 
t«rialniiliii£  lii  tbc  labularenpilbiry  uct- 
wurk  :  /jf,  tbe  inierlobulikr  bileHliK^t 
Which  rakes  nhtbe  blte-criLptibirunat  the 


Section  of  mli  I  ■  ;  Ji  t  tic  interCflluliiT 

to  i  li  ed, )  Two  i>r  t  hn^e  I  n  y  e  r n  f  rn  0  U  wn;  r(!|i- 
niter  Hi£Rn«ii.) 


Ixjlio  tissues.  The  nietabt^Hc  tissues  may  be  clnssified  as  :  mimHihr^ 
nemm^f  and  r/htmhi/av.    If  there  is  an  orgjin  that  may  properly 
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be  classified  as  an  organ  of  metabolism,  that  organ  is  the  liver. 
The  external  secretion  of  the  liver  is  made  up  largely  of  sub- 
stances which  are  practically  useless  to  the  system.    The  internal 

Fig.  193. 


He}mtie-ceIl.H  still  cont-aining  glycogen,  a,  and  with  their  glveogen  dissolved  out,  b,  c.  In  e 
there  was  less  glycogen  pr^nt  than  in  b,  and  the  section  fs  differently  prepared.  (From 
8C1IAEFRR  after  Ueidenuain.) 


secretion  is  composed  either  of  substances  on  their  way  to  excre- 
tion or  to  further  katabolism  in  the  muscles.    To  be  concrete, 

Fig.  194. 


Lobuh'  of  rabbit's  liver.  vesseN  and  bile-ducts  injected,  a,  central  vein  ;  6,  b,  peripheral  or 
interlobular  veins  ;  r,  interlobular  bile-duct.    (Cadiat. ) 

the  pigments,  salts,  and  acids,  the  urea  and  uric  acid,  and  the 
♦rlyco^cn  and  dextrose  are  products  of  liver  metal>olism.  Metab- 
olism is  its  principal  function.    The  liver  is  the  great  central 
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whirlpool  of  the  circulating  nutrients ;  it  is  the  center  of  body 
metabolism ;  it  may  be  called  the  organ  of  metabolism.  The 
anatomical  features  of  the  liver  which  are  of  special  importance  to 
the  physiologist  may  be  thus  summarized  : 

1.  The  liver  is  supplied  with  blood  from  two  sources:  (a) 
Portal  venous  system  from  the  capillaries  of  the  intestines  to  the 
interlobular  branches  of  the  portal  veins.  (6)  Hepatic  artery 
bringing  arterial  blood  which  mixes  with  the  portal  blood  within 
the  lobule.    (See  Figs.  190  and  191.) 

2.  The  hepatic  veins  collect  the  blood  and  carry  it  to  the  vena 
cava.   (See  Fig.  191.) 

3.  The  bilary  secretion  is  collected  by  minute  bile  capillaries, 
the  mesh-work  of  which  is  so  fine  that  every  secreting  cell  is  in 
contact  with  a  bile  capillary  on  at  least  two  sides.  (See  Figs. 
192-193.) 

4.  The  bile  secretion  is  collected  at  the  periphery  of  the  lobule 
by  the  interlobular  bile  ducts.    (See  Fig.  194.) 

3.  THE  INCOME  AND  OUTGO  OF  MATTER. 

The  manifestations  of  life  are  the  manifestations  of  kinetic 
energy.  In  the  animal  organism  the  energy  is  received  as  po- 
tential chemical  energy  and  expended  almost  wholly  as  kinetic 
energy.  As  far  as  it  is  known,  energy  exists  in  nature  only  in 
association  with  matter :  gravitation,  molor  motion,  chemism, 
heat  and  light  are  all  intimately  associated  with  matter,  and  if 
transmitted,  that  transmission  can  take  place  only  through  the 
agency  of  matter.  If,  then,  the  animal  organism  is  to  receive, 
transform  and  expend  energy,  it  must  receive,  transform  and  ex- 
crete matter.  The  whole  process  is  called  nutrition.  We  have 
followed  the  process  through  the  reception  of  food  materials  into 
the  alimentary  canal,  their  partial  transformation  (their  digestion) 
in  the  stomach  and  intestine  and  their  absorption  into  the  organ- 
ism. The  amount  of  the  income  is  the  amount  of  absorbed 
matter,  and  the  amount  of  the  outgo  is  the  sum  of  the  excretions 
from  kidneys,  skin,  lungs,  etc. 

4.  EQUILIBEITJM. 

If  the  absorbed  matter  equals  in  weight  the  excreted  matter,  the 
body  will  neitlier  increase  nor  decrease  in  weight ;  it  will  be  in 
equUihrunn,  Perfect  equilibrium  seldom  exists ;  during  youth 
there  is  a  gradual  increase  in  weight ;  during  adult  life  there  is 
approximate  equilibrium,  while  during  the  senile  period  there  is 
usimlly  a  gradual  decrease  in  the  body  weight,  liut  this  only  in- 
dicates the  general  course  of  the  curve  of  income  and  outgo. 
Many  factors  enter  into  the  problem  of  body  growth  and  e([uilib- 
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rium  to  cause  numerous  minor  curves  to  be  superimposed  upon 
the  general  curve.  The  occurrence  of  one  or  two  large  waves  on 
that  part  of  the  curve  which  represents  the  period  of  growth  gives 
rise  to  the  "  icave-theory  of  growth,''  Besides  these  large  waves 
there  are  small  waves  occurring  each  year,  and  possibly  even 
smaller  diurnal  waves,  so  that  the  composite  curve  would  be 
something  like  the  following  : 


Fio.  195. 


60  Ko  

U5Ko  

SOKo  -7 

15  Ko-/-  

10  un,      SOun.      30  un.       itOyrs,      60  j/n.      60]/n,      70  un,  80yr$^ 
Childhood  \   Touth  |       JLduli  Life  \  The  Senile  Period 


Curve  showing  the  variation  of  weight  with  advancing  age. 

The  Phymolofficdl  test  of  equilibrium  is  made  by  taking  the 
weight  at  short  intervals.  The  method  is  like  getting  an  idea  of 
business  by  noting  the  daily  balances,  it  shows  the  equilibrium 
but  gives  only  a  vague  idea  of  the  magnitude  of  the  exchange 
between  debits  and  credits.  In  the  chemical  test  of  equilibrium, 
on  the  other  hand,  the  debits  and  credits  of  an  organism  are  de- 
termined by  finding  the  quantity  of  absorlxjd  material  and  by  de- 
termining the  quantity  of  urea,  water  and  carbon  dioxide  excreted. 
If  the  nitrogen  of  the  egesta  e([uals  the  nitrogen  of  the  ingesta, 
the  organism  is  said  to  be  in  a  state  of  nitrogen-eciuilibrium." 
If  the  total  e<i:esta  equals  the  total  ingestii  the  organism  as  a  whole 
is  in  a  state  of  ecjuilibrium. 

5.  THE  CIRCULATION  OF  THE  ELEMENTS. 

(d)  Cauhox. — This  element  enters  the  system  as  an  important 
constituent  of  all  the  foodstuffs.  It  is  built  up  into  all  of  the  tis- 
sues and  eventually  it  is  combined  with  oxygen  to  form  CO,?  which 
is  excreted  by  the  lungs  in  the  gaseous  form,  or  it  may  be  com- 
bined with  O,  X,  and  II  in  urea  or  uric  acid,  etc.,  and  excreted 
by  the  kidneys. 

(/>)  ]Ivi)R()(;kn  enters  the  system  as  a  constituent  of  all  food- 
stuffs ineluding  water.  Like  carbon  it  is  a  constituent  of  all 
tissues.  It  is  exeretcKl  in  the  form  of  H^^O  by  kidneys,  skin,  and 
lun<rs  ;  though  a  part  is  excreted  as  a  constituent  of  urea,  uric  acid 
and  nllied  bodies,  ^fostof  that  hydrogen  which  enters  the  system 
eonil)iu(»d  with  oxygen  in  water  leaves  the  body  as  water,  never 
having  been  separated  from  the  oxygen. 
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(c)  Nitrogen  is  brought  to  the  system  only  through  the  proteid 
foods.  It  is  a  necessary  constituent  of  all  active  tissues,  muscle- 
tissue,  glandular-tissue,  and  nerve-tissue.  In  the  metabolism  of 
the  tissues  it  is,  step  by  step,  freed  from  its  complex  combinations 
until  finally  it  is  excreted  by  the  kidneys  with  C,  H,  and  O  in 
urea,  uric  acid,  etc. 

(d)  Oxygen  enters  the  system  uncombined  and  variously  com- 
bined. As  a  gas  it  enters  the  lungs,  is  taken  up  by  the  haemo- 
globin, transported  to  the  tissues  where  it  plays  a  prominent  part 
in  katabolism.  It  finally  leaves  the  cell  combined  with  H  in 
HgO,  with  C  in  CO^,  or  with  C,  H  and  N  in  urea  or  uric  acid. 
In  these  forms  it  is  excreted  by  the  lungs,  skin  or  kidneys.  A 
large  quantity  of  oxygen  enters  the  system  in  combination  in  the 
various  foodstuffs.  This  part  of  the  oxygen  is  excreted  in  the 
same  combinations  as  the  oxygen  of  respiration. 

{e)  Phosphorus  enters  the  system  with  the  proteids.  Though 
phosphorus  is  a  constituent  of  few  proteid  foods  (nuclei n,  nerve- 
tissue,  blood-plasma,  lymph,  and  milk),  one  or  more  of  these  is 
usually  associated  with  each  kind  of  nitrogenous  food,  so  that  the 
system  receives  a  considerable  amount.  In  the  body  it  is  a  consti- 
tuent of  the  tissues  and  fluids  enumerated  above  ;  and,  combined  as 
Ca3(POj2>  ^  most  important  constituent  of  bone.  It  is  ex- 
creted by  the  kidneys  as  calcium,  magnesium  or  ammonio-magne- 
sium  phosphate. 

(/)  Sulphur  is  received  in  combination  in  proteids,  is  built 
up  into  the  body-proteids  and  is  excreted  by  the  kidneys  as  free 
sulphuric  acid,  or  as  HKSO^  or  HNaS(^^,  or  it  may  be  joined  to 
phenol  as  phenolsulphuric  acid,  phenolsulphate  of  potassium,  etc. 

{g)  Chloiune  enters  the  body  in  combination  with  sodium.  As 
far  as  is  known,  it  is  separated  from  this  combination,  if  at  all, 
only  in  the  parietal  cells  of  the  peptic  glands.  That  part  of  the 
HCl  which  is  absorbed  from  the  alimentary  canal  comes  into  con- 
tact with  Xa.,CO,,  or  XallCO^  of  the  blood  and  forms  H/),  CC)^ 
and  NaCl,  which  are  excreted. 

(Ji)  Iron  is  the  most  important  of  the  metals  and  at  the  same 
time  is  the  most  difficult  one  of  them  to  absorb  and  assimilate. 
Recent  investigations  of  Bunge  and  others  demonstrate  that  iron 
may  he  assimilated  and  built  up  into  haemoglobin  only  when  it  is 
absorbed  in  the  form  of  an  organic  compound.  Whether  it  is  nec- 
essary that  it  should  be  received  into  the  alimentary  tract  in  the 
organic  form,  or  whether  it  may  be  raised,  by  the  process  of  di- 
gestion, from  the  inorganic  to  the  organic  combination  and  be  ab- 
sorbed and  assimilated,  was  for  a  long  time  a  debated  question  ; 
but  investigjition  has  demonstrated  that  even  in  the  form  of  a 
chloride  the  iron  is  raised  to  a  peptonate  or  albuminate  in  the  ali- 
mentary tract  and  absorbed. 
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Iron  is  an  essential  constituent  of  haemoglobin.  After  it  has 
served  its  purpose  it  may  be  excreted  by  the  kidneys,  by  the  epi- 
thelium of  the  intestines ;  even  a  small  part  is  lost  with  the 
cuticle,  hair,  nails,  etc. 

(J)  Other  Metals  are  usually  assimilated  in  chemical  asso- 
ciation with  organic  foodstuffs,  and  are  excreted  by  the  kidneys. 
A  small  amount  of  sodium,  calcium,  etc.,  is  secreted  by  the  pan- 
creas and  the  liver,  and  is  ix)ured  into  the  alimentary  canal. 
A  part  of  these  metals  is  reabsorbed  in  combination  as  soap ; 
all  that  is  not  reabsorbed  is  lost,  in  this  way,  to  the  organism. 

6.  THE  CIRCULATION  OF  TYPICAL  COMPOUNDS. 

(a)  Water. — Our  remote  ancestry  had  undoubtedly  an  aquatic 
habitat.  It  has  been  said  that,  "  man  is,  in  a  sense,  an  aquatic 
animal."  It  is  true  that  about  60  per  cent,  of  the  body  is  water, 
that  every  active  cell  of  the  body  is  bathed  in  liquid  and  that  even 
the  surface  of  the  body  is,  during  health,  usually  covered  with  a 
film  of  moisture  in  the  form  of  sensible  "  or  "  insensible  "  jierspi- 
ration.  The  organism  can  live  many  days  without  solid  food,  but 
deprivation  of  water  for  a  very  few  days  suffices  to  cause  death. 

The  water  is  in  part  taken  with  the  food  and  in  part  taken  as 
drink.  Water  which  is  tiiken  as  such  undergoes  no  change  while 
in  the  system,  except  that  an  occasional  molecule  is  joined  hy  Hy- 
dration to  some  organic  molecule.  It  is  absorbed  by  the  intestinal 
epithelium,  even  when  it  is  taken  between  meals ;  when  it  is 
taken  with  a  meal  it  is  likewise  passed  on  into  the  intestine  with 
the  chyme,  to  be  absorbed  by  the  intestinal  epithelium.  Water  is 
the  general  solvent  and  diluent  of  the  system.  It  makes  possible 
the  absorption  of  the  digested  fomls  and  the  excretion  of  waste 
products.  Of  all  the  water  excreted  by  the  kidneys,  skin  and 
lungs,  a  large  part  is  water  which  enters  the  system  as  such  ;  an- 
other part  is  the  product  of  the  oxidation  of  the  hydrogen  of  the 
tissues  in  katabolism,  while  another  portion  hiis  been  released 
from  complex  molecules  by  dehydration,  also  a  katabolic  process. 

{!))  SoDiTM  Chloride  is  taken  as  such  with  food.  It  is  in 
solution  in  all  the  fluids  of  the  body.  It  probably  assists  in  en- 
dosniosis.  It  is  probably  the  source  of  the  chlorine  element  of  the 
I  Id  of  the  gastric  juice.  (See  "Secretion  of  HCl.")  Sodium 
chloride  may  be  formed  in  the  system.  It  may  be  formed  in  the 
organism  by  a  combination  of  absorbed  hydrochloric  acid  with 
the  carbonate  or  bicarbonate  of  sodium,  as  suggested  under  "  cA/or- 
inc''  It  is  excreted  by  the  kidneys  and  skin  and  is  secreted  by 
lachrymal  glands  and  salivary  glands.  It  is  in  fact  a  constituent 
of  every  secretion  and  excretion. 

(e)  Otheii  CoMPorxDs  in  this  class  are  of  not  very  great 
physiological  importance. 
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7.   THE  CHARACTER  OF  THE  METABOLIC  CHANGES. 

1.  Association  and  Dissociation. 

Haemoglobin  is  associated  with  oxygen  in  the  lungs  and  disso- 
ciated from  oxygen  in  the  tissue  capillaries.  Recent  investiga- 
tions indicate  that  the  calcium  phosphate  of  the  milk  is  "  asso- 
ciated "  with  one  of  the  organic  constituents,  probably  the  casein, 
and  that  it  retains  this  association  through  the  steps  of  digestion 
and  absorption  possibly  also  to  be  assimilated  in  association  with 
the  foodstuffs.  In  bone  and  dentine,  however,  it  is  eventually 
dissociated  and  deposited  as  insoluble  calcium  phosphate.  One 
or  more  molecules  of  water  may  be  associated  with  another  mole- 
cule in  crystallization  and  dissociated  when  the  crj^stal  is  dissolved 
or  dehydrated. 

2.  Sjmthesis  and  Decomposition. 

These  terms  are  applied  to  a  class  of  chemical  changes  which 
involves  a  more  profound  alteration  in  the  structure  of  the  mole- 
cule than  that  body  undergoes  in  the  preceding  process  (Association 
and  Dissociation).  The  combination  of  a  fatty  acid  with  glycer- 
ine is  a  synthesis,  while  the  breaking  up  of  a  fat  into  these  two 
constituents  is  an  example  of  a  decomposition. 

3.  Hydration  and  Dehydration. 

These  terms  signify  the  addition  or  subtraction  of  a  molecule  of 
water ;  it  is  only  a  specialized  sort  of  synthesis  or  decomposition. 
Hydrolytic  changes  are  especially  common  in  the  digestive  proc- 
ess. Recall  the  addition  of  a  molecule  of  water  followed  l)y  a 
cleavage  (hydrolytic  cleavage)  of  the  hydrattKl  molecule  into  dex- 
trine, and  of  a  second  molecule  of  water  to  maltose  to  make  dex- 
trose, while  the  dehydration  of  the  same  molecule  of  dextrose  takes 
place  in  the  liver,  after  absorption,  reducing  the  dextrose  to  the 
amvlose  radicle  (QJIj^O,),  which  taken  n  times  is  synthesized  into 
a  glycogen  molecule  (C;"Hi,(),)„. 

4.  Reduction  and  Oxidation. 

These  terms  need  no  explanation.  In  plants  the  reduction 
processes  predominate  and  the  Ulcerated  oxygen  escajK^s  into  the 
general  atmosphere.  During  reduction  processes  energy  is  used 
to  consummate  the  change  and  energy  is  made  latent.  In  the 
animal  kingdom  oxidation  processes  predominate ;  oxygen  is 
taken  from  the  atmosphere  to  consummate  the  change  and  carbon 
dioxide  is  returned  to  the  atmosphere.  Oxidation  liberates  latent 
energy. 
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Summary  :  "  The  chemical  processes  of  the  animal  organism  may 
be  represented  as  a  seines  of  syntheses  and  decompositions ,  or  of  an- 
abolic and  kaiaholic  changeSy  by  virtue  of  which  the  highly  complex 
and  slightly  oxidized  constituents  of  the  body  and  of  foodstuffs  are 
decomposed  into  simple  and  highly  oxidized  catnponnds,  which  are  re- 
moved  from  the  body  by  the  various  organs  of  excretion,^'  The  dif- 
ference between  the  potentiality  of  the  ingesta  and  the  egesta  represents 
the  potential  energy  liberated  in  the  organism  as  the  kinetic  energy  of 

ANIMAL  METABOLISM. 

A.    THE  BIETABOLIC  CHANGES  OF  DIFFERENT 
CLASSES  OF  FOODSTUFFS. 

1.  CARBOHYDRATES. 

1.  Absorption  Form. — It  will  be  remembered  that  during 
the  process  of  digestion  the  carbohydrates  are  for  the  most  part 
changed  to  dextrose.  There  is  no  evidence  that  other  diflFiisible 
or  even  indiffusible  carbohydrates  may  not  be  absorbed,  /.  e.,  pass 
into  the  epithelium  of  the  alimentary  tract ;  all  the  carbohydrate 
matter  found  in  circndation  in  the  portal  system  is,  however,  dex- 
trose. It  is  evident  then  that  if  cane  sugar  is  absorbed  by  the 
epithelium,  it  undergoes  hydrolytic  cleavage  in  the  epithelium  and 
enters  the  circulation  as  dextrose  ;  so  that,  in  whatever  form  the 
carbohydrate  is  absorbed  it  is  changed  to  dextrose  by  the  epithe- 
lium and  i)assed  into  the  capillaries  of  the  portal  system. 

2.  Circulation  Form. — In  the  blood  all  sugars  normally  ap- 
pear as  dextrose.  The  blood  of  the  portiil  vein  may  have  as 
much  as  0.3  per  cent.,  while  that  of  the  general  circulation  has 
usually  al)out  0.1  per  cent.  Furthermore,  the  above  mentioned 
high  percentage  for  the  jX)rtal  circulation  may  be  observed  only 
after  a  meal  rich  in  carbohydrates,  while  the  amount  quoted  for 
the  general  circulation  is  more  or  less  constant.  The  blood  which 
<  liters  the  liver  may  have  0.3  per  cent,  dextrose,  the  blood  which 
leaves  uniformly  has  0.1  per  cent,  dextrose.  With  these  facts  in 
view,  it  is  evident  that  the  liver  must  effect  a  profound  change  in 
the  carbohydrate  material  brought  to  it  by  the  portal  system. 

:\.  Metabolism  of  Carbohydrates. — The  blood  entering  the 
liver  after  a  meal  brings  a  much  larger  amount  of  carbohydrate 
material  than  is  carried  away  by  the  hepatic  vein.  That  this 
excess  of  carbohydrates  must  be  stored  in  the  liver  is  the  neces- 
sary eonelusion  ;  yet  if  a  freshly  excised  liver  be  tested  for  dex- 
trose that  substance  will  not  be  found  in  greater  quantity  than 
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may  be  accounted  for  by  the  portal  blood  present.  A  special 
treatment  reveals  another  form  of  carbohydrate — glycogen. 

(a)  Glycogen  (CgHjjjO^)^  was  discovered  and  described  by 
Claude  Bernard  in  1857.  Bernard's  theory  as  to  its  relation  to 
general  nutrition  is  substantially  the  one  which  is  accepted  to- 
day. Briefly  outlined  the  preparation  of  glycogen  is  as  follows  : 
(a)  Kill  an  animal  after  a  heavy  carbohydrate  meal,  (b)  Excise 
liver,  hash  same  and  plunge  it  into  boiling  water,  which  has  the 
doublf  function  of  extracting  glycogen  and  of  stopping  post- 
mortem change  of  glycogen  to  dextrose,  (c)  Filter.  The 
opalescent  filtrate  contains  glycogen  or  "  animal  starch."  If  one 
subject  this  animal  starch  to  the  iodine  test  a  iclne-color  will  result. 
The  microscope  reveals  the  j>resence  of  glycogen  in  liver  cells, 
deposited  in  the  substance  of  the  cytoplasm.  (See  Fig.  193.) 
But  the  carbohydrates  do  not  represent  the  sole  source  of  glycogen  ; 
for  an  animal  deprived  of  both  carbohydrates  and  fats  will  still 
form  glycogen  in  the  liver  on  a  pure  proteid  diet.  Such  is  not 
the  case,  however,  on  a  pure  fat  diet.  Whether,  with  a  mixed 
diet  of  carbohydrates  and  proteids,  a  part  of  the  proteids  are  used 
in  the  formation  of  glycogen  remains  yet  undetermined. 

(b)  Transformation  of  Glvcxkjen  in  the  Metabolic  Tis- 
sues.— In  plants  the  starch  formed  in  the  chlorophyll  grains  of 
the  leaves  must  h2  changed  to  a  soluble  form — dextrose,  for  ex- 
ample— before  it  can  be  carried  by  the  circulatory  system  of  the 
plant  (fibro-vascular  system)  to  distant  parts  of  the  plants  for  de- 
posit, or  for  further  metabolism.  In  animals  the  glycogen  is  only 
temporarily  stored  in  the  liver.  It  is  to  be  used  in  the  general 
metabolic  tissues  of  the  body — for  the  most  part  the  muscles.  It 
cannot  be  carried  to  the  muscles  in  the  insoluble  form  in  which  it 
is  dejx)sited  in  the  liver.  The  liver  possesses  an  amylolytic  fer- 
ment which  changes  the  animal  stiirch  to  dextrose.  In  this  sol- 
uble and  diffusible  form  it  enters  the  circulation,  is  carried  to  the 
metabolic  tissues,  absorbed  or  selected  "  by  the  active  cells  of 
these  tissues,  and  is  by  them  metabolized.  Just  at  this  point  we 
enter  a  controversial  field.  All  are  agreed  that  within  the  muscle 
cells  the  dextrose  is  subjected  to  a  series  of  metabolic  changes 
whose  ultimate  result  is  the  liberation  of  energy.  Some  believe 
that  before  the  foodstuff  can  yield  to  the  animal  organism  its  po- 
tential energy  It  )nmt  be  built  up  by  the  cell  into  livimj  cell-proto- 
plasm. Others  believe  that  the  energy  of  the  foodstuffs  may  be 
directlif  liberated  without  the  necessity  of  a  long  series  of  anabolic 
changes  preceding  those  katabolic  changes  which  must  finally  lib- 
erate the  energy.  Hero  are  certain  facts  which  deserve  consider- 
ation in  this  connection  :  (i)  Glycogen  is  found  in  abundance  in 
the  muscle.  Its  source  must  be  dextrose  taken  up  from  the  blood 
by  the  muscle  cells.    But  glycogen  can  be  formed  from  dextrose 
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only  by  the  steps  which  represent  atmbolic  changes.  (Dehydra- 
tion followed  by  recombination  of  n  times  the  C^Hj^O,  radicle  into 
a  glycogen  molecule  )  The  energy  made  latent  in  this  anabolism 
is  represented  by  242  calories  per  gramme  glycogen.  To  anabo- 
lize  glycogen  and  nitrogenous  foodstuffs  into  muscle  protoplasm 
would  require  not  less  than  1476  calories  of  energy;  a  total  of 
about  1716  calories.  The  katabolismof  muscle  protoplasm  yields 
4000  calories  per  gramme  muscle.  The  remaining  840  calories 
of  energy  is  contained  in  the  urea.  The  net  gain  in  energy  is  rep- 
resented by  2290  calories. 

But  the  direct  katabolism  of  dextrose  would  yield  3940  calories 
of  energy.  There  would  be  a  loss  of  1650  calories,  or  about  41 
per  cent,  of  the  energy  of  the  foodstuff.  Animals  able  to  directly 
katabolize  dextrose  in  the  muscle  cells  would  have  an  advantage 
over  those  not  having  that  ability.    (See  Fig.  196.) 


Fio.  196. 

MuaeU  protoplatmmtist  calorim 


I  llii>t  rating  (liuKraiuiiiatically  the  advaiitagi' of  direct  uvcr  iodirvct  katabolbm  of  dextrose  io 


(ii)  If  dextrose  is  first  built  up  into  muscle  protoplasm,  all 
katalM)li!?ni  of  the  nitrogenous  cell-protoplasm  should  result  in  the 
liberation  of  nitrogenous  compounds  (e.  igr.)  kreatin.    The  katabo- 
lism inrident  to  muscle  contraction  should  yield  such  nitrogenous 
24 
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katabolites  in  proportion  to  the  muscular  energj-  expended.  But 
these  nitrogenous  katal)olites  are  further  changed  and  appear  in 
the  excreta  as  urea,  CO^  and  H^O.  The  urea  then  should  be  a 
measure  of  muscular  work  ;  but  urea  does  not  essentially  varj- 
with  varj'ing  muscular  activity.  The  hj-pothesis  that  the  dextrose 
is  anabolized  to  the  plane  of  cell  protoplasm  is  not  in  harmony 
with  the  facts  of  excretion  and  the  e\ndence  is  strong  against  the 
hypothesis,  (iii)  If  dextrose  may  be  directly  katabolized  from 
the  dextrose  or  from  the  glycogen  plane  the  katabolites  CO^  and 
HjO  should  vary  with  mascular  activity.  The  excretion  of 
CKX  and  H^O  varies  directlv  with  muscular  activitv.  This  is  in 
harmony  with  the  facts  of  excretion  and  is  strong  cNndence  in  its 
favor. 

4.  The  more  Permanent  Deposit  of  Carbohydrates. — That 
this  occurs  not  in  the  form  of  carbohydrates  but  in  the  metabo- 
lized form  of  fat  has  been  demonstrated.  A  part  of  the  carlx)- 
hydrate  foodstuff  in  circulation  as  dextrose  is  absorbed  by  living 
connective  tissue  cells  and  transformed  into  fat  which  is  de- 
posited in  the  cells  and  held  as  a  reserve  of  potential  energy'  to 
be  called  out  when  the  more  easily  metabolized  glycogen  and  dex- 
trose are  insufficient  for  the  needs  of  the  system.  What  is  the 
character  of  the  change  the  dextrose  molecules  must  undergo  to 
make  palmitin  ?  We  know  that  palmitic  acid  is  readily,  synthe- 
sized with  glycerine  to  form  tri-palmitin.  The  storage  of  fat 
must  involve  the  following  general  changes : 

(I)  3  X  Palmitic  acid  =  3[CH3(CH2),,-COOH]  =  SrC^.H^^O,] 

(II)  8  X  Dextrose  =  8[C,H,,0,]=  CVH^O^. 

(ill)  8  Dextrose  -f  Glycerol  =  Tri-palmitin  -f  SKp  -f  420. 

The  fonnatioH  of  fat  from  dextrone  inmt  be  attended  hi/  the  libera- 
tion of  oxyf/en.  This  is  an  anabolic  process  to  consummate  which 
requires  energy  amounting  to  about  ooOO  calories  ix?r  eramnie  fat. 
That  it  takes  place  in  one  reaction  as  written  alx)ve  is  not  prol^- 
able.  That  it  is  eventually  a  combination  of  dextrose  and  r/fifceroi 
is  an  undemonstrated  hy|X)thesis.  That  the  process  whatever  it 
maji  be  i.s  an  anabofir  one  attended  with  the  liberation  of  ox  if  ff  en  and 
the  niahinff  latent  of  ener(j}f  is  beyond  question. 

T).  Excretion  of  Carbohydrate  Katabolites. — The  katal)oIism 
of  carbohydrates  yields  and  H.,0.  These  waste  materials  are 
excreted  1)V  the  lungs,  skin  and  kidneys  unchanged  or  recomhined 
but  for  the  most  part  unchanged. 

2.  PROTEIDS. 

1 .  Absorption  Form. — Most  proteids  enter  the  epithelium  from 
the  alimentary  canal  as  peptones  and  proteoses.  A  small  por- 
tion may  enter  as  acid-albumin  or  alkali-albumin  or  even  native 


PBOTEIDS. 


371 


proteid.  Within  the  epithelium  these  proteids  undergo  a  change. 
Evidence  of  this  is  cited  in  the  facts  that  neither  peptone  nor 
proteose  is  found  in  either  blood  or  lymph  ;  and  that  when  in- 
jected into  the  circulatory  system  is  promptly  excreted  as  such. 
The  living  cells  of  the  intestinal  epithelium  must  be  able  there- 
fore to  transform  the  proteids  absorbed  into  the  normal  proteids 
of  the  circulation.  This  combination  consists  in  a  recombination 
of  simple  nitrogenous  molecules  into  more  complex  ones  with 
liberation  of  water. 

2.  Circulation  Form. — The  blood  contains  plasma-proteids, — 
serum  albumin  and  serum  globulin, — and  corpuscle  proteids. 
There  can  be  no  doubt  that  the  absorbed  proteid  foodstuff*  enters 
the  plasma,  increasing  its  quantity  of  one  or  both  proteids.  There 
is  no  storehouse  for  reser\'e  proteids  except  so  far  as  the  circula- 
tion itself  serves  such  a  purpose.  The  absorbefl  ])rotei(ly  trans- 
formed through  the  metabolic  activity  of  the  cells  of  the  intestinal 
epithelium  into  serum  albumin  and  serum  globulin  w  received  by 
the  portal  system  and  thence  distributed  to  the  system  as  constitu- 
ents of  blood-plasma,  lymph-plasma,  and  tissue-plasma.  Every 
living  cell  of  the  system  may  select  from  the  plasma  which  bathes 
it  such  variety  and  quantity  of  the  plasma  proteids  as  are  neces- 
sary in  carrying  on  the  cell  activities. 

3.  Metabolism  of  Proteids. — As  in  the  case  of  carbohydrates, 
s<)  here,  the  question  as  to  whether  or  not  all  katabolism  of  pro- 
teids proceeds  from  living  cell-protoplasm  is  a  controversial  one. 
Many  of  the  cytologists  would  answer  the  question  affirmatively. 
There  are  strong  indications  amounting  almost  to  a  demonstration, 
that  only  a  part  of  the  proteid  is  anabolized  to  the  plane  of  living 
cell-protoplasm  while  a  part  is  directly  katabolized.  Among  the 
considerations  favoring  the  second  position  one  may  mention  :  (i) 
The  correspondence  of  proteid  katabolism  rather  to  the  variation 
of  proteid  consumption  than  to  special  cell  activity.  This  is 
es[)ecially  marked  in  the  case  of  the  muscle-metabolism  and  will 
\w  treated  later,  (ii)  Albuminoids — v,  g,,  gelatin — can  not  be 
built  up  into  tissue  though  they  may  be  used  as  energy-producing 
nitrogenous  foods. 

The  preix)n(lerance  of  evidence  in  favor  of  the  view  that  not  all 
proteids  are  first  raised  to  the  plane  of  living  protoplasm  before 
In  ing  katabolized  leads  to  the  division  of  the  proteid  supply  into 
two  parts:  (i)  Tissue-producing  proteids;  (ii)  energj'-producing 
proteids.  This  division  eoiTcsponds  roughly  to  Voit's  classifica- 
tion into  organ  proteid  and  circulating-proteid."  It  is  now  l)e- 
licved  that  <iU  meiabolw  duinges  are  intraci'llular^  so  that  Voit's 
terms  seem  less  aj)propriate  than  the  terms  suggested  above.  The 
tissue  proteid  is  that  portion  of  the  nitrogenous  foodstuff*  which 
is  l)uilt  up  by  the  cells  into  living  proioplami.    The  energy-pro- 
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dacing  proteid  is  that  portion  which  is  directly  katabolized  withm 
the  ceil  under  the  influence  of  the  living  proiopla^ny — and  serves  the 
sole  purpose  of  producing  energy.  It  most  not  be  forgotten  that 
the  tissue  proteid  in  its  final  katabolisrn  incident  to  the  special 
activity  of  the  cell  yields  energy  also.  Whether  one  follows  the 
changes  of  tissue  proteids  or  of  energy-producing  proteids  he 
eventually  considers  the  decomposition— direct  or  indirect — of  a 
nitrc^nous  foodstuff  from  the  proteid  level  to  the  urea  level.  In 
general  proteids  represent  5650  calories  per  gramme  proteid  while 
the  unavailable  energy  of  a  gramme  of  proteid  represents  1650 
calories  (Rubner) ;  the  net  energy  represented  by  one  gramme 
of  proteid  material  being  about  4000  cidories.  Much  remains  yet 
to  be  determined  regarding  the  specific  changes  which  the  proteid 
undergoes  in  this  decomposition.  This  much  is  known  :  (i)  Some 
of  the  proteid  is  reduced  to  COj,  H^O,  XH^,  etc.,  and  these  in  part 
recombine,  forming  urea  in  which  XH,  is  combined  with  C, 
and  H ;  (ii)  some  of  the  proteid  is  changed  more  directly  to  urea  ; 
glycocoll,  leucin,  kreatin,  and  sarcolaciic  acid  being  mid-produc4s 
of  the  katabolism.  Hofmeister's^  formula  for  albumin  will  give 
us  some  idea  of  the  complexity  of  a  typical  proteid  :  (^sn^ss^sfie^r 
Hill's  diagram  (Fig.  197)  represents  graphically  the  relation  be- 
tween proteid  and  urea. 


Fig.  197. 

Stsoealonm  ptr  grramm«.Tkt  ProUU  LtmtL  {Mgo-Anmrnim} 


(a)  Letting  the  egg  albumin  represent  the  proteids  we  see  that 

4.*]1  atoms  of  oxvgeu  will  oxidize  one  molecule  of  the  albumin 

to  204CXD^  -f  Smp  +  52NH3  +  2SO3.    But  these  elementary 

compounds  are  in  part  reoombined  before  excretion.  Nascent 

NH3  radicles  combine  instantly  with  CO^  and  H.,0  to  make  am- 

1      .     n        -  OH  +  XH,      ^  '      -  OXH, 
monium  carl)onate  :  O  =  C     qj^     ^jj'  =  O  =  C  _  qa^-jj 

the  ammonium  carbonate  is  dehydrated  to  form  ammonium  car- 
bamate^ and  again  dehydrated  to  form  urea : 


^  Zeitsrh,  f.  chem.,  Bd.  1^,  S.  187.    Quoted  bv  Bunge,  Phvsiol.  Chom., 

1894,  p.  od. 
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o=cz8NS:-H^o=.aczgJh-H,o-0:CZ??g; 

(b)  Glycocdl  (or  Glycin,  or  Amido-acetic  acid) 

H 

H3>jj__c__c.oH 
"  HO 

I  Direct : 

H 

H  HO 
rjj  >  N— C— COH 1  =HC— C— COH + O-.QT^^ 
^  H  O  H  H  6  ' 

2  Glycocoll=Sarcolactic  acid+urea. 

II  Indirect : 

H 

H>N— C— COH+30=2CO,+H,0+NH, 
HO 

which  may  reconibine,  aa  in  the  case  of  albumin,  to  form  urea. 
(<•)  Lcuclii  or  Iso-butyl-amido-acetic  acid : 

HH 
H  V 
H  nCH  H  N 
UV  —  C  —  C— C— COH 
H     H     H  H  6 

(i)  Direct : 

HH 

H  V 

iiiicini  X 

,,-NH, 


2  [HC— ( '_('_( '—C'O-H]  +  30O=:OC_^.^* 
H    II   H  II   6  ^  * 


+  llCOj+llH,0 

2  1^'ucin  phis  (ixygen=surca,  carbon  dioxide  and  water. 

(II)  IiuUrect :  Leucine  +  loO  =  (5CO,  +  5H,0  +  NH,.  Leu- 
<''m  phis  oxygon  =  carlx)n  dioxide,  water,  and  ammonia. 

('/)  Kreatin  or  methyl-guanidin-acetic  acid, 
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HN=C    ^'^7„  ,_CH,— COOH 


(i)  Direct: 


=co,+0:cr~^I5'+Hoc— c— x<5 


Kreatin  plus  oxygenssCOj,  urea  and  glycocoU. 

(ii)  Indirect:  Kreatin +60=3NH3+4C02. 

(ni)  It  is  possible  that  in  kreatin  we  have  the  most  important 
preliminar}"  katabolite  of  muscl^  protoplasm.  It  is  found  in  con- 
siderable amount  in  muscle;  it  is  therefore  ingested  with  lean 
meat.  But  experiment  shows  that  ingested  kreatin  follows  a 
course  of  katabolism  different  from  that  formed  in  the  muscles, 
namely  that  it  is  dehydrated  in  the  liver  and  excreted  by  the  kid- 
neys as  kreatinin. 

H  H 
"  HO  X— C:0 
H  N:C  "  [C:0— Hp=H  XC 

X— C:H,  N— C:H, 
CH,  CH, 
Kreatin  minus  water = Kreatinin. 


But  the  kreatin  which  is  formed  in  the  muscle  is  also  trans- 
forme<l  there ;  that  is,  kreatin  represents  a  preliminary  katabolite 
which  is  further  katalx)lized  in  the  muscle.  Small  amounts  of 
glycocoU  and  considerable  amounts  of  sarcolactic  acid  are  found 
in  the  muscles.  When  glycocoU  or  sarcolactic  acid  or  ammonium 
lactate  is  introduced  into  the  system  it  is  promptly  changed  in  the 
liver  to  urea,  CO.,  and  HjO.  GlycocoU  may,  however,  be  com- 
bined with  members  of  the  benzole  series  (see  Hippuric  acid  un- 
der anabolisni). 

The  observations  of  Graglio,  V.  Frey,  Marfori,  Minkowski  and 
others  ((juoted  by  Schaefer,  Text-book  of  Physiology,  Vol.  I.,  p. 
905)  make  it  certain  :  (1)  that  sarcolactic  acid  is  formed  in  various 
metabolic  tissues ;  (2)  that  it  circulates  in  the  form  of  an  acid  or 
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ammonium  salt  in  the  blood  ;  and  (3)  that  it  is  changed  in  the 
liver  to  urea  and  certain  by-products. 

There  is  no  positive  proof  that  kreatin  is  a  forerunner  of  sarco- 
lactic  acid.  The  probabilities  are  favorable  to  such  a  relation. 
The  course  of  katabolism  may,  in  the  light  of  recent  work  in  this 
field,  be  assumed  to  be  something  as  follows : 

( i)  Kreatin  -f  30  =  COg  -f  r  RE  A  +  glycocoU, 

(II)  Glycocoll=UREA +8arco/a/ic  acid  (CH3— CHOH— COOH). 

(ill)  Sarcolactic  acid  +  NH3  =  Ammonium  kictate 

H  6 
[H  C— C— COOH] 
H  H 

(iv)  2  Ammonium  lactate  +  120  =  500^  +  bHfi  +  Ammo- 
nium  earbondte, 

(v)  xVmmonium  carbonate — Yi,f)= Ammonium  carbamxite. 

(vi)  Ammonium  carbamate  — H^O  =  urea. 

Note  :  (1)  That  the  series  of  changes  suggested  here  represent 
a  xicp  by  sfep  process  by  which  a  complex  body  is  reduced  to  a 
series  of  simple  bodies ;  (2)  that  the  processes  are,  w  ith  one  ex- 
ception (in),  oxidations,  dehydrations  and  decompositions. 

Where  do  these  problematic  changes  take  place?  As  is  al- 
ready indicated  above,  the  kreatin  of  the  body  has  two  sources. 

A  part  comes  from  the  ingested  lean  meat  and  is  dehydrated 
in  the  ///r/*,  forming  kreatinin  ;  a  part  is  formed  in  the  muscles 
and  is  probably  changed  at  once  to  urea,  COj  and  glycocoll,  or  pos- 
sibly directly  to  sarcolactic  acid,  urea  and  CO„.  In  either  case 
the  products  of  katabolism  which  enter  the  circulation  are  sarco- 
lactic acid  and  the  elements  of  urea,  or,  more  likely,  ammonium 
lactate  and  anunonium  carbonate.* 

Ammonium  lactate  and  ammonium  carbonate  brought  to  tlie 
liver  are  promptly  subjected  to  the  changes  indicateil  in  equations 
(IV),  (V)  and  (VI). 

As  with  kreatin  so  with  leucin,  there  are  two  sources  in  the 
system  of  an  omnivorous  or  a  carnivorous  animal :  (i)  From  the 
alimentary  tract  where  leucin  is  a  product  of  tryj^sin  decomposition 
of  pc[>tonc.  A  part  of  the  leucin  so  formed  is  absorbed  and  car- 
ried to  the  liver  in  the  portal  circulation.  (11)  But  aside  from 
this  source  leucin  is  one  of  the  mid-products  of  normal  proteid 
katabolism  and  is  found  in  small  amounts  in  all  liquids  of  the 

'  Wi'can  im.'i^rinc  that  the  products  of  reactions  (in)  and  (iv);  or  possibly  the 
pmhu  ts  of  a  liydrolytic  cleavage  of  kreatin  pass  into  the  circulation.    Thus  : 
Kreatin  +  4II2O  =  Ammonium  lactate  +  Ammonium  Carbonate. 
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body.  In  due  time  it  makes  its  journey  to  the  liver  with  the 
general  circulation,  and  in  that  organ  is  further  katabolized  to 
it0  simpler  elements,  and  is  excreted  as  urea,  CO^  and  H^O. 

That  the  liver  is  seat  of  this  change  is  practically  demonstrated 
by  the  ob8er\'ation  that  when  the  liver  becomes  extensively  dis- 
eased leucin  accumulates  in  the  blood  to  a  more  than  normal  de- 
gree and  is  finally  excreted  unchanged  by  the  kidneys. 

Glycocoll  or  glycin  may  be  considered  a  normal  mid-product 
of  proteid  katabolism,  and  if  a  dog  be  fed  benzoic  acid  he  will 
excrete,  \'ia  the  kidneys,  hippuric  acid  which  is  a  combination  of 
benzoic  acid  and  glycocoll.  This  indicates  that  the  glycocoll  must 
have  been  furnished  by  the  system.  That  it  was  furnished  for 
this  particular  purpose  is  not  probable.  Without  much  chance 
of  error  we  may  assume  that  the  glycocoll  used  by  the  dog^s 
liver  in  the  above  mentioned  case  was  present  as  a  normal 
constituent  of  the  blood  and  that  had  not  the  benzoic  acid 
from  the  portal  circulation  been  brought  into  relation  with  the 
glycocoll  it  would  have  been  katabolized  in  the  lirer  to  the  urea 
plane  either  directly  or  indirectly.  This  is  confirmed  by  the  ob- 
servation that  when  glycocoll  is  fed  to  a  dog  it  appears  in  the 
urine  as  urea — having  been  changed  in  the  lirer.  We  may  thus 
sum  up  the  answer  to  the  questions  which  introduced  this  para- 
graph :  (l)  The  early  ntepH  in  proteid  katabolism  take  place  in  the 
varioufi  metaholic  tiaaues,  princip<tlly  the  wiiwcfex, — ^though  the  ali- 
mentary tract  is  the  scene  of  certain  preliminar>'  changes  and 
some  changes  may  be  wrought  in  the  blood  itself,  (ii)  The  final 
tslepn  of  proteid  kataholimi  take  place  in  the  lirer, 

4.  The  Nutritive  Value  of  Proteids. — Preliminary  to  a  dis- 
cussion of  this  topic  it  will  be  necessary  to  define  two  expressions 
which  have  much  significance  in  physiology. 

(a)  NiTiirKiEX  Ec^L  iLiBRiUM  is  an  expression  signifying  the  6a/- 
anc6  of  nitrof/rn  income  and  (jut(;o.  It  means  that  the  nitrogen 
which  the  Ixxly  loses  in  the  excreta — principally  in  the  urea  in  man 
— is  just  covered  by  the  nitrogen  received  in  the  proteid  foods.  If 
the  excretcil  iiitrojren  is  in  excess  of  the  ingested  nitrogen  it  must 
be  evident  that  the  excess  must  have  come  from  the  nitrogen  sup- 
ply of  the  system.  For  a  very  short  time  this  excess  might  be 
furnished  by  katabolism  of  energy-producing  proteids.  But  at 
longest  a  few  days  would  suffice  to  expend  all  the  available  reserve 
of  proteid  in  l>l()()d,  lymph  plasma  and  tissue  plasma  ;  and  the 
excess  would  then  \ye  drawn  from  the  living  active  cells  of  muscles, 
glands  and  nervous  system.  The  organism  gives  up  this  life  bal- 
ance very  reluctantly  and  under  such  circumstances  the  proteid 
excretion  is  reduced  to  a  minimum.  On  the  other  hand,  when 
the  ingested  nitrogen  is  in  excess  of  the  excreted  nitrogen  the  bal- 
ance is  in  favor  of  the  organism.    It  might  at  first  be  expected 


PROTEIDS. 


377 


that  the  system  would  guard  this  credit  very  carefully  and  store 
it  away  in  increased  volume  of  living  tissue,  e.  g.,  increased  muscle 
tissue,  increased  gland  tissue  and  increased  nerve  tissue.  Under 
two  conditions  and  under  definite  limitations  this  may  be  true. 
First,  the  growing  animal  utilizes  a  part  of  the  nitrogenous  bal- 
ance to  build  up  new  tissues.  Second,  after  a  period  of  starvation 
— negative  nitrogen  balance — the  emaciated  living  tissues  will 
utilize  a  large  part  of  the  positive  nitrogen  balance,  when  the  tide 
turns,  to  build  up  and  reconstruct  the  wasted  tissues.  In  both  of 
these  cases,  however,  when  the  normal  growth  or  condition  is 
reached  an  excess  is  not  utilized  to  build  up  more  muscle  or  more 
brain,  but  the  system  uses  it  day  by  day  in  increased  proteid  met- 
af)olimi,  thus  balancing  increased  income  by  increased  excretion. 
The  normal  animal  with  a  sufficient  diet  maintains  a  nitrogen 
equUibrium. 

(6)  Carbon  Equilibrium  signifies  a  balance  of  income  and 
outgo  of  carbon  in  food  and  excretions.  Excess  of  carbon  against 
the  organism  is  an  index  of  a  draft  on  carbonaceous  tissue.  All 
tissues  are  carbonaceous,  but  not  all  tissues  are  necessarily  drawn 
upon  to  furnish  the  carbon  for  increased  katabolism.  The  carbon 
reserve  in  the  deposited  fats  usually  furnishes  the  balance.  On 
the  other  hand  a  carbon-balance  in  favor  of  the  system  is  usually 
deposited  as  fat.  A  negative  nitrogen  balance  may  exist  at  the 
same  time  that  there  is  a  positive  carbon  balance.  Under  such 
circumstances  the  animal  might  increase  in  weight  at  the  same 
time  that  its  muscle  tissues  are  wasting  through  lack  of  sufficient 
proteid.  A  positive  nitrogen  balance  and  a  negative  carbon  bal- 
ance may  exist  together  and  yet  the  animal  may  increase  in  weight. 
We  may  now  discuss  the  nutritive  value  of  proteids.  The  usual 
method  of  solving  such  questions  is  to  institute  two  experiments : 
1st,  deprive  the  animal  of  the  foodstuff  in  question ;  2d,  furnish 
the  animal  with  uo  other  than  the  one  under  consideration,  mean- 
time watching  the  progress  of  metabolism.  This  method,  though 
open  to  the  objection  that  so  radical  a  change  may  not  leave  the 
animal  in  a  really  normal  condition,  has  yielde<^l  some  verj'  im- 
I)ortant  results.  Pettenkoflfer  and  Yoit  kept  a  30-kilogram  dog 
in  nitro^n  and  carl)on  equilibrium  on  1500  grammes  of  lean  meat 
jHT  (lay.  By  increasing  the  amount  to  2500  grammes  per  day 
the  animal  maintained  nitrogen  equilibrium  and  laid  on  fat. 
rtliiger  kept  a  dog  in  weight-equilibrium  for  a  period  of  eight 
months  on  a  lean  meat  diet.  That  the  weight  remained  the  same 
for  so  long  a  jxTiod  is  suftieient  proof  that  the  nitrogen  equilib- 
rium and  the  oarbon  e(|uilibrium  were  both  maintained.  These 
experiments  demonstrate  that  the  carnivorous  animal  may  get  all 
of  its  HMjuired  tissue  material  and  energy-producing  material 
from  a  pure  proteid  diet.    Just  how  far  this  could  be  shown  to 
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hfAd  for  fmnivoTffm  or  heri>ivon>os  aDunals  has  not  been  deto-- 
miof^L  Tbe^re  h  no  reos^m  to  doabt  that  if  the  prot«d  coold  be 
pnsieDteA  in  a  palatable  (orm  the  resolt^  would  be  jncticaHy  the 
^iainff  in  th^^e  animaU  as  in  the  carnirora.  One  mav  safelv 
same  then  that  ingested  proteid  may  be  n^  by  the  srstem.  ( i ) 
imme^liately  in  a  «eri€«  of  ka  abolic  processes  which  liberate  the 
energj'  for  the  life  processes  ;  (ii)  as  the  nitrogenous  factor  in  the 
boilding  up  of  protoplasm  ;  (in)  as  the  cstibom  and  hvdrogen  be- 
tor»  in  the  formation  of  fat.  The  term  proteid  as  here  osed  is 
intend^^l  to  include  all  nitrogenous  foods. 

i^>ne  clans  of  proteids — ^the  albuminoids,  does  not  conform  com- 
pletely t#>  the  statement  just  made  for  proteids  in  general.  Tlie 
albuminoiils,  of  which  gelatin  is  an  example,  can  not  be  built  up 
into  living  cell  pnitoplasm.  Experiment  shows  that  an  animal 
will  ilie  shfmt  as  quickly  when  kept  on  a  carbohydrate,  £it,  and 
gelatin  diet  when  kept  on  a  caibohydrate  and  &t  diet.  The 
gelatin  can  be  imme<liately  oxidized  and  may  be  substituted  for  a 
part  of  carbohydrate  or  &t,  but  it  can  not  be  built  up  into  living 
prrjt^^plasm.  In  other  words  the  albuminoids  seem  to  be  able  to 
play  the  role  of  energy-producing  proteids,  but  not  of  tissue-form- 
ing proteids.  The  relation  of  the  albuminoids  to  nutrition  seems 
to  be  in  harmony  with  the  hypothesis  that  only  a  part  of  the 
nitrcigenous  food  is  actually  built  up  into  living  protoplasm,  while 
the  rest  is  katabolized  from  the  proteid  level,  direct.  This  is,  in 
&ct,  one  of  the  strongest  confirmatory'  considerations  and  amounts 
almost  U)  a  demonstration  of  the  tenability  of  the  hypothesis.  In 
summing  up  one  may  say  that  the  proteids  furnish  the  material 
necessari/  (l )  for  the  rehuUftiiif/  of  cell  protoplasm  ;  (ll)  for  direct 
nitrfjfjenouM  kntaho/ixm  ;  (ill)  for  dejx/sit  as  reserve  fai  ;  and  finally, 
(iv)  this  foodstuff*  may Ay  the  place  of  a  jxirt  of  the  carbohydrate, 
a  pure  jiroteid  diet  actually  furnishing  material  for  glycogen  and 
dextn>s<*  in  the  normal  relations  if  somewhat  less  in  quantit}'. 

5.  The  Laws  of  Nitrogen  Equilibrium. — When  an  animal 
receivers  a  scanty  su])ply  of  proteid  in  a  mixed  diet  the  organ- 
ism economizes  its  tissue  proteid  as  well  as  its  energy-forming 
proteid  by  using  earlx>h  yd  rates  and  fats  for  energy  production, 
even  if  ne<*d  Ik*  drawing  uiK>n  the  reserve  fat  of  the  system  for 
this  inirjK>se.  There  is  a  certain  minimum  beyond  which  the 
j)rotei(l  can  not  Ix;  reduced  without  disturbing  nitrogen  equilib- 
rium, ff>r  there  is  always  some  katabolisni  of  living  protoplasm 
and  if  the  or^ranism  is  not  receiving  proteid  sufficient  in  quantity 
and  i)roi)er  in  rjuality  to  replace  this  waste  there  will  be  more 
nitrogen  egested  than  ingested. 

When  an  animal  receives  an  abundant  supply  of  proteid  in  a 
mixed  diet  the  orgjinism  seems  to  katalwlize  the  usual  amount  of 
tissue-proteid  and  to  draw  freely  upjn  the  energy-producing  pro- 
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teid  for  the  production  of  energy.  If  the  quantity  of  carbohy- 
drates and  fat  is  sufficient  to  admit  of  it  a  portion  of  the  food 
supply  is  stored  as  fat.  Whether  this  stored  fat  comes  from  in- 
gested fat,  from  carbohydrates  or  from  proteids  is  a  matter  still 
in  controversy.  In  either  case  the  proteid  is  so  far  katabolized  as 
to  release  the  nitrogen  which  immediately  finds  its  way  to  the  egesta 
as  urea  or  related  nitrogenous  excreta.  From  this  it  appears  that 
with  small  nitrogenous  ingestion  there  is  small  nitrogenous  eges- 
tiou,  while  with  abundant  nitrogenous  ingestion  there  is  corre- 
siwndingly  increased  nitrogenous  egestion.     In  general,  then  : 

(rr)  Law  i,  the  kataboliHm  of  protekh  variea  with  the  supply  of 
proteiih,  nitrogenous  equilibrium  being  maintained  within  com- 
paratively wide  limits  of  supply. 

(A)  Law  ii.  The  kaiaboU^n  of  proteid  is  nearly  independent 
of  muscular  leork. 

(«)  Llebif/s  Theory,  Liebig  believed :  (i)  that  all  assimilated 
proteid  is  built  up  into  living  protoplasmic  tissues ;  (ii)  that 
every  manifestation  of  life, — muscular  contractions,  secretion, 
thought — is  the  result  of  a  breaking  down  of  living  tissues;  (iii) 
that  this  katabolism  of  protoplasm  releases  nitrogen  or  nitrogen 
compounds  which  found  their  w^ay  more  or  less  directly  to  the  ex- 
creta ;  and  (iv)  that  the  quantity  of  nitrogen  in  the  excreta  is  a 
measure  of  the  katabolic  activity.  This  theory  is  so  reasonable 
that  it  stood  unassailable  for  a  considerable  period.  If  it  is  in 
harmony  with  the  facts  of  nutrition  one  would  exi)ect  a  marked 
variation  of  the  quantity  of  nitrogen  elimination  following  mus- 
cular work. 

(fi)  Experiment  of  Fick  and  Mlslicenu^.  These  two  young  men, 
who  later  attiiined  world-wide  renown  and  recognition  as  physiolo- 
gist and  chemist,  respectively,  put  Liebig's  theory  to  a  practical 
test.  After  using  a  non-nitrogenous  diet  for  a  period  of  seventeen 
hours,  thoy  began  the  ascent  of  the  Faulhorn,  whose  summit  they 
reached  after  eight  hours  of  the  most  fatiguing  muscular  exertion, 
having  lifted  their  bodies  through  a  vertical  distance  of  1956 
meters.  Fick  weighed  ()G  kilogrammes,  he  had  performed  129,- 
OJM)  kilogram-meters  of  work  in  climbing,  meantime  the  heart  and 
respiratory  muscles  had  i)erformed  work  which  was  estimated  to 
amount  to  al)<)ut  30,000  kilogram-meters,  making  a  total  of  160,- 
000  kilogram-meters  of  energy  of  muscular  contraction.  During 
the  climb  and  six  hours  subsequent  to  it  the  non-nitrogenous  diet 
was  continued.  During  the  whole  observation  period  of  thirty- 
one  hours  the  renal  excretion  was  periodically  taken  and  kept  for 
analysis.  If  Liebig's  theory  w^re  tenable  then  the  nitrogen  ex- 
cntion  (luring  and  subsequent  to  the  climb  should  have  been 
much  increased  because  muscle  katabolism  was  much  increase^!. 
But  analysis  showed  no  essential  increase  of  the  nitrogen  elimina- 
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tion  f  The  re^nlt  of  this  expariment  was  genendlj  accepted  as 
coocla^ive  that  the  Liebig  theory  is  antenable.  Voit  and  Petten- 
boffer  snbjected  a  dog  to  alternating  days  of  rest  and  hard  work 
in  a  treadmill.  The  chemical  analysis  of  the  excreta  showed  that 
the  nitrogen  metabolism  is  practically  the  same  on  work  days  as 
on  rest  days.  The  experimenters  then  made  a  similar  test  apon  a 
man^  who  alternated  rest  with  work  in  a  respiratory  chamber.  It 
was  foand  that  nitrogen  exrrdiony  and  therefore  proteid  kata- 
bolisni,  w  pradimHy  inffepenHent  of  mmeular  contraction.  Care 
has  been  taken  not  to  leave  the  impression  that  proteid  metabo- 
lism is  independent  of  katabolism  in  muscle  tissue ;  katabolism  in 
muscle  tissue  progresses  while  the  muscles  are  at  perfect  rest ; 
1.  while  no  contractions  are  occurring.  This  refl-hitaholUm  of 
muscle  tissue  liberates  heat  energy.  This  process  involves  the 
activity  of  living  muscle  protoplasm,  and  there  is  no  reason  to 
doubt  that  incident  to  this  heat  production  and  incident  to  con- 
traction a  certain  amount  of  living  protoplasm  is  katabolized^  and 
this  certain  amount  seems  to  be  practically  the  same  whether  the 
muscle  protoplasm  expresses  its  energy  in  the  form  of  mechanical 
work  or  in  the  form  of  heat  In  either  case  the  muscle  cells  seem 
to  be  able  to  utilize  absorbed  dextrose  and  the  energy-producing 
pn>teicls  in  this  energy  liberation.  Whether  the  energy  to  be 
libarated  w  heat  energy  or  mechanical  the  carbohydrates  can  be 
used  as  well  as  the  circulating  proteid,  so  that  with  sufficient  and 
uniform  food  there  will  be  a  nearly  uniform  nitrogen  excretion, 
any  variations  being  independent  of  the  variations  of  mechanical 
energy  liberate<l. 

RfJnfion  of  non-nitrogenous  melaboHsnn  to  muscular  icork.  The 
experiments  of  Voit  and  PettenhoflFer  with  men  and  animals  in 
re^pirat^irj'  chaml>ers  demonstrate  that  the  energ}'  of  muscular 
work,  un/hr  normal  conditions,  comes  mainly,  if  not  exdusicely,  from 
the  oxidation  of  non-nitrogenous  material. 

3.  PATS. 

1.  Absorption  Form. — Fats  are  absorbed  in  the  form  in 
whicfi  the  di^cstivo  proc(»sse.s  have  them, — named  in  the  ortler  of 
their  rflativc  quantities:  (I)  Fatty  Acids  and  glycerol,  (ll)  Soaps, 
(ill)  Eninlsions. 

2.  Circulation  Form. — One  would  seek  in  vain  for  either 
fatty  aeid,  glycerol  or  soap  in  the  portal  system  as  well  as  in  the 
lacteals.  If  fatty  acid  be  fed  to  a  dog  it  will  apjxjar  in  the  lac- 
teals  as  fat  in  emulsion.  To  nhHortxd  fnttu  (icid  (/lycerol  is  joined 
to  make  a  fat  which  enters  the  hicteals  in  minute  subdivision — an 
emulsion — whieh  is  emptied  by  the  thoracic  duct  into  the  general 
circulation. 
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3.  Metabolism  of  Fats. — The  fat  of  each  species  possesses  a  ^ 
particular  proportion  of  the  three  components :  Palmitin,  Stearin^ 
and  Olein.    If  a  dog  be  fed  on  lean  meat  plus  palmitin  plus  olein 

in  suflBcient  quantities  he  will  lay  on  fat ;  analysis  of  this  fat  will 
show  that  it  is  a  typical  dog-fat  having  the  usual  proportion  of 
btearin.  From  such  an  experiment  one  must  conclude  that  the 
dog  has  the  power  to  change  either  palmitin  or  olein  into  stearin^ 
or  that  he  has  the  power  to  form  stearin  from  proteid.  A& 
above  cited  the  dog  may  lay  on  typical  fat  on  a  pure  proteid 
diet.  It  is  then  certain  that  the  stearin  may  have  been  formed 
from  the  proteid  and  not  from  other  fats  and  if  the  stearin  why 
not  the  others,  also?  Is  there  anything  to  prove  tliat  all  of 
the  fat  was  not  directly  katabolized  to  furnish  the  immediate 
source  of  energy  and*  that  proteid  was  the  source  of  all  the 
fat  ?  No,  and  such  may  have  been  the  case.  Another  exper- 
iment, however,  proves  that  a  foreign  fat,  rape  oil,  may  be  de- 
posited unchanged.  If  such  is  the  case  with  a  foreign  fat  may 
it  not  also  be  true  of  those  varieties  of  fat  found  normally  in  the 
body  of  the  animal  under  consideration  ?  This  is  believed  to  be 
the  case.  It  is  believed  that  excess  of  fat  may  be  deposited  as  re- 
sale. Regarding  that  which  is  katabolized  immediately  little  is 
known  as  to  the  location  of  the  katabolism.  It  may  be  oxidized 
in  the  blood  ;  it  is  more  likely  that  it  is  oxidized  in  the  metabolic 
tissues.  In  any  case  the  end  products  are  COj  and  H^O  and  these 
katabolites  are  excreted  by  lungs,  skin  and  kidneys.  In  the  an- 
abolism  of  fatty  acid  and  glycerine  little  energy  is  made  latent. 
In  the  katabolism  of  fat  to  its  end  products  COj  and  H^O  a  rela- 
tively large  amount  of  energy  is  liberated.  The  calorimeter 
shows  that  one  gramme  of  pure  fat  will  liberate  about  9400 
calories  of  energy  on  oxidation.  This  is  much  more  than  is  lib- 
erated by  the  siime  amount  of  proteid.  There  are  155  atoms  in 
a  molecule  of  tri-palniitin,  whose  oxidation  requires  145  atoms  of 
oxygen.  There  are  644  atoms  in  a  molecule  of  albumin  whose 
oxidation  re(|uires  4.*^  atoms  of  oxygen.  If  the  relative  amount 
of  oxygen  recjuired  to  be  taken  as  an  index  of  the  energy  liberated 
then  the  fat  would  have  about  1.5  times  the  amount  of  energy 
represented  bv  the  albumin.  It  has  nearly  1.7  times  the  energy 
of  albumin,  which  fact  is  probably  due  to  diflFerence  in  molecular 
constitution,  /.  f.,  in  the  relative  amounts  of  JCO^,  H^O,  and  NH^ 
formed  on  oxidation. 

4.  Fat  Deposit. — («)  From  the  carbohydrates  of  the  food 
(see  carbohydrates).  (^})  From  the  proteids  of  the  food, — Proteid 
contains  15  per  cent,  of  nitrogen  and  50  per  cent,  of  carbon. 
Trea  contains  46  per  cent,  of  nitrogen  and  20  per  cent,  of  carbon. 

From  this  it  follows  that  less  than  |  of  the  carbon  of  proteid 
will  he  eliminated  with  the  urea  which  carries  oflF  all  the  nitrogen. 
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From  this  carbonaceous  residue  the  organism  seems  able  to  build 
up  fat.  In  an  experiment  upon  a  dog  which  was  in  nitrogen 
equilibrium  a  pure  proteid  food  containing  68  grammes  nitrogen 
and  250  grammes  carbon  was  given.  When  67.9  grammes  of 
nitrogen  had  been  eliminated  only  207  grammes  of  carbon  had 
been  eliminated.  There  was  a  balance  of  43  grammes  of  carbon 
retained  and  laid  on  as  fat ;  58  grammes  representing  1 7  per  cent, 
of  the  total  carbon,  (j)  From  the  Fats  of  tlic  Food. — It  was  for- 
merly supposed  that  much  of  the  deposited  fat  came  from  the  in- 
gested fat.  It  is  clear  in  the  light  of  recent  investigation  that  at 
most  only  a  small  portion  of  it  has  this  source. 

4.   THE  INTEBBELATIONS  OF  THE  FOODSTUTFS. 

The  following  figure  (Fig.  198)  affords  a  graphic  illustration  of 
the  interrelations  which  have  already  been  discussed. 


Fig.  198. 


Diagram  illll^<tratiug  the  interrelation  of  the  foodstuffs. 


B.  SUMMARY  OF  ANABOLISM  AND  KATABOLISM. 

1.  ANABOLISM. 

Frequent  reference  has  been  made  to  anabolism  and  many  ana- 
bolic changes  have  been  given.  It  is  proposed  here  to  enimier- 
ate  these,  explaining  such  as  have  not  already  been  discussed. 

[(i)  The  synthesis  of  fatty  acids  and  glycerol  in  the  epithelium 
of  the  alimentary  tract. 

(h)  The  synthesis  of  n  molecules  of  dextrose  with  dehydration 
of  same  to  form  glycogen  in  the  liver  and  in  the  muscles. 

(o)  The  recombination  of  i)eptone  molecules  into  serum  albu- 
min and  serum  globulin  in  the  epithelium  of  the  villi. 

(d)  The  synthesis  of  carbohydrates  to  form  fat  for  dejwsit  in 
adipose  tissue.  This  process  is  accompanied  by  liberation  of 
oxygen. 
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(e)  The  anabolism  of  proteid  foodstuff,  or  blood  proteids  into 
li\dng  protoplasm. 

(/)  'Synthesis  of  Phenol  with  Sulphuric  Acid. 

Phenol  differs  from  benzole  in  the  replacement  of  one  of  the 
hydrogen  atoms  by  the  OH  radical. 

H  H 

C  G 

n  c     C  H  I  H'C     C  H 

Benzole  :  ;  Phenol : 

HC     CH  HC  COH 

c  c 

H  H 

Benzole,  phenol,  and  benzoic  acid  are  frequent  constituents  of 
the  products  of  digestion  and  of  urine.  Benzoic  acid  given  with 
the  food  appears  in  the  urine  in  some  derived  form  brought  about 
by  a  synthesis.  The  reaction  may  be  represented  by  the  follow- 
ing equation  : 


H 

C 


HC     C—O— HHOS  I 

I  ^_0=H.( 


.O+C.H.O-SOjK. 
HC  CH 

C 
H 

Phenol  -I-  Acid  Sulphate  of  Potassium  =  Water  +  Phenol-Sul- 
phate of  Potassium. 

(v)  '^!/iithc.sij<  of  Benzoic  acid  with  (/li/cocoll. 

IkMizoic  acid  differs  from  phenol  in  the  substitution  of  the 
COOH  radical  in  the  place  of  the  OH.  GlycocoU  or  amidoacetic 
acid  is  formed  from  acetic  acid  by  the  substitution  of  NH^  for  H 
thus  : 

H  () 

(ilycocoll  :  or  glycin  :  JJ>X— C— O— H 

H 

The  synthesis  takes  place  with  the  liberation  of  a  molecule  of 
water  and  the  formation  of  one  molecule  of  hippiu'ic  acid,  a  con- 
stant but  not  an  imjwrtant  constituent  of  urine  : 
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H 

C 

HC    CH  H  HO 

HC  C— C—  OH+H  H 


C 
H 


H 

C 


HC    b.H         H  O 

HP+      l|     I     O  .C-OOH 
H  C  C— C— Ns  li 

V  « 

Benzoic  acid+Glycins=Water+Hippuric  acid  or  Benzamido 
acetic  acid. 

2.  KATABOLISM. 

The  cases  already  discussed  will  simply  be  enumerated  here. 

(a)  The  hydrolytic  cleavage  of  dextrine  molecules  by  the  cells  of 
the  intestinal  epithelium  with  the  formation  of  dextrose. 

(6)  The  hydrolytic  cleavage  of  glycogen  into  n  molecules  of 
dextrose  for  each  molecule  of  glycogen.  This  takes  place  in  the 
liver  and  in  the  muscles. 

(c)  The  formation  in  metabolic  tissues  of  such  mid-products  of 
katabolism  as  kreatin,  leucin,  tyrosin,  glycocoU,  etc. 

{d)  The  formation  in  tlie  metabolic  tissues  of  such  secondary 
products  of  katabolism  as  sarcolatic  acid,  ammonium  lactate, 
ammonium  carbonate,  etc. 

(e)  The  formation,  in  the  liver,  of  such  end-products  of  katabo- 
lism as  urea,  COg,  H^O. 

{f)  The  katabolism  of  tyrosin. 

(i)  Tyrosin  or  p-oxy-phenyl-amido  propionic  acid-|-H2=NH3 
4-  p-ox y-pheuyl-propionic-acid  or  p-hydro-cumaric  acid.    Thus  : 


H 

C 


HC 

I 

HO-C 


HH 

V 
H  N 

C_C_C_C:OH  4-  H,== 
H  H  O 

CH 


C 
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H 

H  H 


HC  C-C— C—  C   O  H 

li     L    H  H  0 


HOC  C 

c 

H 

(ii)  Para-oxy-phenyl-propionic  acid — COj=j)ara-etlivl-phenol. 

(.„) 

H  H 

HC  C— C— CH + 30= 

i     H  H 
HOC  CH 

-  /' 
C 

H 


HC     C— C—  COH 

'      i     H  O 
HOC  CH 


C 
H 


Para-ethyl  phenol  +  30  =  H./)  +  para-oxy-phenyl-acetic  acid. 

(iv)  Para-oxy-phenyl-acetic  acid  —  CO^  =  para-methyl-phenol 
or  para-cresol. 

(See  formula  under  (iii)  for  indication  of  the  change.) 

(v)  Pani-methyl-phcnol         :=  H./)-|-  para-oxy-benzoic  acid. 

(vi)  Para-oxy-benzoic  acid  —  CO.^  =  phenol. 

These  last  steps  in  the  process  take  place  in  the  manner  indi- 
cated in  the  (*arlier  steps. 

Phenol  is  absorbed  and  ils  we  have  seen  above  may  be  synthesis 
with  acid  sulphate  of  ]X)tassium. 

(7)  Tlir  kutaholism  of  the  red  hlood  corpmcle.  The  very  great 
iin))ortance  of  the  red  blood  corpuscle,  in  its  relations  to  the  gen- 
eral organism,  justifies  the  discussion  of  its  katabolism  at  some 
length,  though  our  knowledge  of  this  process  is  somewhat  frag- 
mentary. The  red  blood  corpuscle  has  a  limited  period  of  ac- 
tivity. At  the  end  of  that  period  the  physical  union  between 
the  haMnoglol)in  and  the  stroma  of  the  corpuscle  is  dissolved. 
25 
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There  is  not  sufficient  evidence,  either  from  histological  or  from 
chemical  investigations,  to  warrant  us  in  saying  that  the  "  break- 
ing down "  of  the  corpuscle  occurs  in  the  liver ;  it  may  occur 
in  the  liver  or  in  the  red  marrow  of  bones — it  does  occur  in 
the  spleen.  The  debris  of  red  blood  corpuscles  may  always  be 
found  in  the  spleen,  either  in  spleen  cells  or  in  leucocytes. 
Whether  the  senile  red  blood  corpuscle  is  caught  in  the  spleen 
pulp  and  incidentally  engulfed  by  leucocytes  or  whether  it  is 
caught  in  the  general  circulation  by  the  leucocytes  and  brought  to 
the  spleen  is  not  known — probably  both  methods  occur. 

The  following  diagram  indicates  in  a  general  way  the  steps  in 
the  katabolism  of  the  red  blood  corpuscles. 

The  Red  Blood  Corpuscle. 

Stroma 


Leucin,  etc. 


Bilirubin 

C,,H,.N,Oe 

Biliverdin 
C3,H^N,0, 

We  may  sum  up  the  katabolism  of  the  red  blood  corpuscle  in- 
saying  that  it  is  broken  up  into  biliverdin,  bilirubin,  iron  and  a 
series  of  such  bodies  as  leucin  which  are  probably  excreted  in  the 
form  of  urea,  uric  acid  or  allied  bodies.  Notice  that  some  of  the 
decompositions  are  effected  through  oxidation  and  some  through 
hydrolysis.  But  bilirubin  and  biliverdin  are  normally  excreted 
by  the  liver.  How  do  the  products  of  the  first  steps  in  the  de- 
composition make  their  way  from  the  spleen  to  the  liver?  It  has 
l>een  demonstrated  by  Socin  and  many  others  that  blood  plasma 
which  is  free  from  corpuscles  is  also  free  from  iron.  Then  the 
hajmoglobin  does  not  pass  from  the  spleen  to  the  liver  dissolved  in 
the  plasma.  Lymj)h  which  is  free  from  corpuscles  is  free  from 
iron.  We  are  forced  to  the  conclusion  that  haemoglobin  is  carried 
from  the  spleen  to  the  liver  by  white  blood  vorpusclis.    Many  ob- 


Hsemoglobiu  -|- 

Heematin  Globin 
C3.H3  NAFe  C^H^N,^0,,,S, 
+  0 

/  \ 
Leucin,  etc. 
Fe  Hsematoporphyrin 

-f2HO 

^*^or  

Bilirubin  Bilirubin 

-4-0 

■f 

Biliverdin  or 
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servers  have  seen  liver  leucocytes  filled  with  minute  particles  of 
matter  which,  when  properly  treated,  give  a  micro-chemical  reaction 
of  iron.    This  is  confirmatory  of  the  above  conclusion. 

The  liver  will  continue  to  secrete  bile,  and  as  a  part  of  the  bile 
bilirubin  and  biliverdin,  after  the  spleen  is  extirpated.  It  is  evi- 
dent, then,  that  the  spleen  is  not  the  only  place  where  the  first 
steps  of  red  blood  corpuscle  katabolism  may  occur.  Possibly  it 
occurs  noiinally  in  the  spleen  and  is  taken  up  vicariously  by  liver 
or  red  bone  marrow  after  the  extirpation  of  the  spleen.  Most  im- 
portant to  note  is  the  fact  that  iran,  which  w  the  most  difficult  of 
metdh  to  assimilate^  is,  early  in  the  katabolic  process,  split  off  and 
retained  in  the  system, 

a  THE  INCOME  OF  ENERGY. 

The  income  of  energy  is  represented  by  the  potential  chemical 
energy  of  the  food  absorbed.  To  determine  the  amount  of  energy- 
income  it  is  first  necessary  to  determine  the  potential  energy  of 
foodstuffs  and  second  to  determine  the  amount  of  foodstuff  ab- 
sorbed. The  first  step  to  take  in  dealing  with  either  matter  or 
energy  is  to  establish  units  by  which  these  entities  may  be  meas- 
ured. The  calorie  is  that  amount  of  heat  required  to  raise  1 
gramme  of  water  1  °  C.  The  large  isalorie  or  kilogramme-calorie 
is  that  amount  of  heat  required  to  raise  1  kilogramme  of  water 
1°  C.  One  kilogramme-calorie  would  raise  500  grammes  of 
water  2°  C,  or  100  grammes  10°  C. 

Specific  heat  is  the  amount  of  heat  required  to  raise  the  tempera- 
ture of  a  given  body  1°  C.  Water  being  the  standard,  the  speci- 
fic heat  of  the  animal  body  is  0.8. 

Quantity  of  heat  in  a  body  =  Wt.  x  Sp.  H.  x  t.,  e,  7.,  of  a  10- 
kilo.,  dog  at  38°  C.  =*10  x  0.8  x  38  =  30.4  kilogramme- 
calories. 

Calorimetry  is  a  term  applied  to  the  determination  of  heat  units 
or  calories  dissipated  by  any  body.  The  determination  is  made 
through  the  agency  of  the  calorimeter. 

The  calorimeter  has  undergone  many  variations  since  first  de- 
vised by  liavoisier  and  La  Place  in  1780.  The  first  calorimeter, 
— tiie  ice  calorimeter, — was  arranged  with  a  double  jacket  of  ice. 
The  body  whose  heat  radiation  was  to  be  determined  was  placed 
in  a  c'd^e  withiii  the  inner  ice  jacket.  The  amount  of  ice  melted 
by  the  ntdiated  heat  gave  an  index  of  the  amount  of  heat  given  off. 

The  wafer  cidorimeter  of  Crawford  (1788)  was  similarly 
arranged  except  that  the  heat  was  received  by  a  water  jacket  and 
the  rise  in  temperature  of  the  water  indicated  the  amount  of  heat 
given  ott*. 

The  air  calorimeter,  first  used  by  Scharling  (1849)  has  been 
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found  more  reliable  than  dther  of  the  earlier  forms.  In  its  best 
form  a«  ui?e*l  by  Haldane,  White  and  Washburn  { British  Mtd. 
Journ.,  I»nd.y  1897,  A"ol.  II.,  p.  11,  cited  bySchaefer)  it  consists 
of  an  animal  chamljer  or  combustion  chamber  ( 1 )  and  a  control 
chamber  (Fig.  199;.    The  body  whoee  heat  is  to  be  determined 


Fig.  199. 
1  f 


T^Ufram  of  mir  calorimeter.  B,  bate ;  F,  lajcr  of  Celt :  C,  cage :  A.  rentilatioD  tubes  :  air- 
■pace ;  J/,  mercorj  maoometer ;       b jdrogen  flame.   (After  Haldask,  White  aod  Wa$h> 

is  put  into  cage  1.  In  the  control  cage  (2)  hydrogen  is  burned  in 
quantity  sufficient  to  keep  the  mercury  manometer  balanced.  The 
numl>er  of  c.c.  of  hydrogen  burned  in  an  experiment  is  obser\'ed. 
The  calories  (gramme-calories)  produced  by  one  c.c.  of  hydrogen 
is  known.  Thus  the  gramme-calories  given  off  by  the  lx>dy  to 
be  tested  becfimes  known.  Through  the  aid  of  the  calorimeter 
one  may  determine  not  only  the  heat  given  off  by  the  combustion 
of  any  oxidizal)le  material — (carbon,  hydrogen,  alcohol,  fat, 
starch,  albumin,  etc.),  but  also  the  amount  radiated  or  conducted 
away  from  any  IxkIv,  c.  r/.,  a  living  animal.  With  the  means  at 
hand  to  determine  the  potential  energy  of  foodstuffs  and  the  lib- 
erated and  expended  energy  resulting  from  the  katalxjlism  of  the 
f(K>d  it  is  possible  to  test  the  law  of  the  comervution  of  energif  as 
applied  to  the  animal  organism  and  to  ascertain  whether  or  not 
it  may  l>e  verified,  in  living  organisms  as  in  the  realm  of  physical 
science.  The  first  step  to  be  taken  is  the  determination  of  the 
jKjtential  energy  of  the  different  classes  of  foodstuffs. 

1.  THE  POTENTIAL  ENEKOY  KEPKESENTED  BY 
FOODSTUFFS. 

It  is  customary  to  use  r)ne  heat  ecjuivalent  for  carlH>hydratcs^ 
one  for  proteids,  and  one  for  fats.  The  value  used  is  an  assumed 
one.  The  following  table  givc»s  the  calories  represented  in  dif- 
ferent foods  and  other  substances  involved  in  nutrition  : 
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Substance  (1  gm.  dry). 

Starch  or  Glycogen 
Cane  sugar 
Dextrose 
Lactose 

Carbohydrates 


Fat 
Fat 
Butter 
Fats 


Heat  of  Combustion'   Substance  (1  gm.  dry).    Heat  of  Combustion 


4.182  calories 

4.176 

3940 

4162 

4111  • 


9686 
9423 
7264 
9400 


Egg  white  4896 

voke6460  • 
Lean  "beef 
Cai*ein 

Vegetable  proteids 

Proteids 

Urea 

Proteid  unavailable  energy 
Proteld  available  energy  ; 
Carbon  per  gramme  I 
Hydrogen  per  gramme  { 


J  5678  Calories 

5656 
5849 
5.500 
5H{i() 
2523 
1650 
4000 
8(W0 
:$4662 


Note  that  the  value  assumed  for  carbohydrates  is  not  an  arith- 
metical average,  though  it  approximates  au  average.  In  com- 
puting the  energy  represented  by  a  particular  menu,  one  deals 
with  several  carlK)hydrates  in  various  proiK)rtions.  Instead  of 
computing  the  different  carbohydrates  separately,  it  is  customary 
to  assume  a  convenient  factor  which  is  an  approximate  average, 
and  to  multiply  the  amount  of  all  carbohydrates  by  that  factor. 
The  other  foodstuffs  are  treated  similarly. 


2.    THE  POTENTIAL  ENERGY  OF  COMMON  FOODS. 

To  determine  the  energy  which  any  food  represents  it  is  only 
necessary  to  find  by  analysis  the  amount  of  proteid,  of  fat  and  of 
carbohydrate  which  the  food  contains,  and  to  multiply  these 
amounts  by  the  factors  given  in  the  table  of  energy  of  foodstuffs. 
For  examj)le  :  Oatmeal  contains  7.6  per  cent,  of  H^O  ;  15.1  per 
cent,  proteid  ;  7.1  per  cent,  fat ;  68.2  per  cent,  carbohydrate,  and 
2  per  cent,  salts.  One  hundred  grammes  of  oatmeal  represent  in 
energy  : 

From  ])roteid  15.1  x  4000  cal.  =  60400 

From  fat   7.1  x  9400  "  =  6(>740 

From  carbohydrate',  68.2  x  4180    "  =  285076 

Total   412216  calories 

The  energy  of  one  pound  of  oatmeal  is  gotten  by  multiplying 
this  by  4.5.  The  following  table  gives  the  energy  value  of  a  few 
coinnion  foods. 


FoimI  (market  condition). 

Wlu  iit  Hreail 
<  ►at  meal 
('••rmiieal 
lUans  <»r  Peas 

Milk 

]U'v( 
Ha<-«»ii 


Caloricw  per  100  gms.  Calories  |)er  pound. 


2H6,3<>4  1,301,241 

412,216  1,873,709 

:W7,428  I  1,670,866 

35H,IW6  i  1,630,091 

84,162  382.516 

56  944  /  '^'i^,»lO 

'^''^  \  [pt.  291,000] 


146,736  (  2  egg.)  .  {[do..?^:Sl6] 
114,900  I  522,220 

4:t4,400  I  1,974,348 
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3.  THE  ENERGY  REPRESENTED  BT  A  TTPICAL  MENU. 

a.  An  Ideal  Ration  for  an  Average  Man  at  Light  Work. 

The  ration  given  in  the  following  table  was  arranged  by  Mrs.  E. 
H.  Richards,  and  is  given  by  Thompson  in  his  practical  dietetics. 


Proteid. 


Fat 


Materials. 


Carbohydrate. 


(ims.  I    Oz.     j  Gms. 


Bread 

Meat 

Oyjjtera 

Cocoa 

Milk 

Broth 

Sugar 

Butter 

Totals 


453.6  I 

226.8 

226.8 
28.3 

113.2 

456.6 
28.3 
14.17 


16 
8 
8 
1 
4 

16 
1 


31.75 
34.02 
12.52 
6.60 
3.63 
18.14 


0.14 
106.8 


Oz. 


Gms. 


1.12 
1.20 
0.44 
0.23 
0.13 
0.64 


2.26  I 
11.34  , 

2.04  ; 

7.50 
4.42 
18.14 


12.27 
57.97 


Oz. 

0.08 
0.40 
0.07 
0.26 
0.16 
0.64 

"o'so 


1  Gms. 

'  Oz. 

257.28 

9.04  1 

9.60 
4.88 
90.72 
27.36 

6.34  ; 
0.17 
3.20 
0.96  1 

389.84 

 ! 

Calories. 


1 1,223,674.40 
'  242,672. 
69,2.%. 
137,028. 
76,466.40 
622,'285.60 
114,364.80 
115,898. 

2,601, M9[20 


6.  Rations  for  Average  Men  Under  Different  Conditions. 

The  diet  should  vary  with  the  requirements  of  the  system.  The 
ration  which  is  adequate  for  a  dry  goods  clerk  would  be  totally 
inadequate  for  a  lumberman  in  the  northern  forests.  One  does 
light  work  in  a  warm  room ;  the  other  does  heavy  work  out  of 
doors  in  the  coldest  weather.  The  ration  suggested  under  a  would 
be  proper  for  an  indoor  and  sedentary  occupation.  The  following  ta- 
ble compiled  by  Atwater  (Quoted  here  from  Thompson's  Practical 
Dietetics)  gives  an  idea  ot  requirements  under  various  conditions. 


Conditions. 

Proteids. 

Fat. 

Carbo- 
hydrates. 

Man  at  light  indoor  work 

110 

60 

390 

Man  at  light  out-of-tioor  work 

110 

100 

400 

Man  at  modt'rato   *'  *' 

125 

125 

4,50 

Man  at  hard  " 

1  150 

150 

Man  at  very  hard  out-oMoor  work  in  winter 

180 

200 

600 

United  .States  Army  ration 

120 

161 

4M 

Unitetl  States  Navy  ration 

143  ■ 

184 

520 

College  frM)thall  team 

181 

292 

557 

Tcam.Hters,  marble  cntterH,  Boston 

2^ 

36:1 

826 

Laborer*  of  Lombardy,  Italy 

i  S2 

40 

:J62 

Energy  in 
Calories. 


c.  Rations  varied  for  Sex  and  Age. 

(Compiled  from  Thompson's  PRAcrriCAL  Dietctics.) 


Variations  of  .Sex  and  Age. 


Children  to  l^^  yrs.  old 

Children  I^.j  to  G  yrs.  old 

Children  6  to  15  yrs.  old 

Women  with  light  exercise  (Atwater) 

Women  of  moderate  work  (Volt) 

Aged  women 

Aged  men 

Sewing  girl.  London,  'J3c.  per  week 
Factory  girl,  Leipzig,  ?*1.21  per  week. 


Proteids. 

Fats. 

Carbo- 
hydrates. 

Calories 
Energy. 

28 

37 

75 

20-36 

30-45 

60-iK) 

767, (X)0 

55 

40 

200 

36-70 

35-48 

9()-250 

1,4IS,000 

75 

43 

325 

70-80 

37-50 

250-400 

2.041,000 

80 

80 

3(X) 

2.:tOO.(K)0 

92 

44 

400 

2,42<5,00<> 

XO 

50 

2<y) 

l.H.V.i.OOO 

KX) 

68 

350 

2.477.000 

53 

33 

316 

1,S20,(HMJ 

52 

53 

301 

l,y40,(M)0 
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d.  To  Arrange  a  Menu  for  Particular  Conditions. 

If,  for  example,  one  wishes  to  arrange  a  winter  diet  for  a  stu- 
dent whose  age  is  twenty -four  years,  weight  70  kilogrammes,  who 
is  warmly  clad  and  w  ho  takes  a  moderate  amount  of  light  exercise 
in  tlie  open  air,  he  would  choose  a  diet  which  represents  about 
3,000,000  calories  of  energy.  If  the  subject  does  not  crave  fat 
the  carbohydrates  must  predominate  as  energy  producers.  Take, 
say,  proteids  125  grammes,  fat  90  grammes,  and  carbohydrates 
sufficient  to  bring  the  calories  to  3,000,000,  i.  e.,  carbohydrates 
395.7.  With  the  help  of  such  tables  of  food  analyses  as  are  given 
above  under  foodstuffs  (p.  283  et  seq.)  one  can  choose  a  variety 
and  still  keep  the  several  foodstuffs  approximately  as  suggested. 

€.  The  Isodynamic  Equivalents  of  Foodstuffs. 

In  making  up  dietaries  one  must  frequently  take  into  account 
the  fact  that  fat  may  replace  carbohydrates  or  vice  versa,  and  that 
proteid  may  replace  either.  This  interrelation  of  the  foods  in 
nutrition  necessitates  the  use  of  certain  coefficients  called  isody- 
namic equivalents. 

The  isodynamic  equivalent  may  be  expressed  thus : 

(i)  Of  proteid  to  fat  :  ^  (y-)  =  9406  ^  ^-"^^So. 

(II)  Of  proteid  to  carbohydrate  :  5      j  =         =  0.957. 

(ill)  Of  carbohydrate  to  fat :  0      j  =  ^^^^  =  0.445. 

With  the  aid  of  these  coefficients  one  may  readily  compute  the 
amount  (►f  one  food  to  be  substituted  for  another  when  a  change 
of  proj)ortion  is  indicated.  SupiK)se  one  wishes  to  modify  the 
light  work  menu given  above  by  substituting  fats  for  the 
carbohydrates  in  excess  of  350  grammes,  389.84  —  350  =  39.84 
grammes.  How  much  fat  is  equivalent  to  39.84  gnimmes  carbo- 
hydrates ?    d  (  '^.)  =  0.445.  39.84  x  0.445  =  1 7.73  grammes  of 

fat  ;  57.97  -I-  17.73  =  75.7  grammes  fat.  The  modified  "light 
work  menu''  now  consists  of:  proteids  100.8,  fat  75.7,  carbohy- 
drates 350, //  veprcucntH  the  mine  eneryy  an  before;  it  is  iso- 
dynamic with  the  menu  as  tabulateil.  It  may  be  said  here  that 
the  proteid  should  never  fall  below  100  grammes  per  day  for  an 
adult  man  or  80  grammes  jier  day  for  an  adult  womim. 
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D.   THE  LIBERATION  OF  ENERGY. 

a.  The  Primary  Liberation  of  the  Potential  Energy  of  the 

Organism. 

The  potential  chemical  energy  of  the  tissues  and  fluids  of  the 
body  represents  the  capital  of  the  organism.  But  this  energy 
must  b#  lil>erated — must  be  made  kinetic — in  order  to  figure  in 
the  life  processes  of  the  organism.  In  the  calorimeter  the  energy 
of  the  foodstuffs  is  liberated  by  a  process  of  rapid  oxidation  or 
combustion.  In  the  animal  organism  the  energy  is  liberated  by 
a  process  of  slow  oxidation  usually  associated  with  step-by-step 
katabolism.  It  has  been  demonstrated  that  the  heat  is  produced  in 
the  same  aggregate  quantity,  whether  the  katalwlism  or  oxidation 
be  slow  or  rapid.  The  heat  energy  determined  by  the  calorim- 
eter, then,  will  be  actually  liberated  in  the  organism  ;  and  if  a 
man  has  a  daily  energy-income  of  3,000,000  calories  and  is  in  a 
condition  of  material  equilibrium,  3,000,000  calories  of  energy 
must  be  daily  liberated  and  expended. 

If  the  question  arises  :  By  what  process  or  processes  is  the 
energy  liberated  ?  the  answer  is  briefly  :  The  processes  of  katabo- 
lism are  the  processes  of  energy  liberation.  The  two  processes  are 
inseparable  because  in  a  sense  identical. 

/n  what  f 0)^11  and  in  tchai  location  is  the  energy  liberated  f 

It  has  been  intimated  that  all  of  the  energy  Ls  liberated  in  two 
general  forms  and  in  three  locations :  (i)  In  the  form  of  heat  and 
mechanical  motion  in  the  muscles ;  (ii)  as  heat  in  the  active 
glands ;  (ill)  as  heat  and  something  analogous  to  electricity, — 
nervous  energy, — in  the  central  nervous  system  and  that  the  pro- 
portions of  the  total  energy  liberated  in  the  several  locations  re- 
spectively are  approximately  as  16:3:1  or  80'/-  :  Io^/tj  :  5^  . 

b.  The  Transformation  of  Energy. 

Much  of  the  energy  liberated  as  energy  of  motion  is  converted 
into  heat  before  leaving  the  body.  This  transformation  occurs  by 
virtue  of  friction  of  the  tissue  and  fluids.  As  an  extreme  ex- 
ample let  us  take  the  energy  of  the  systole  of  the  heart  which  will 
sum  up  to  a  prodigious  amount  during  24  hours.  The  immense 
sum  of  energy  is  all  liberated  as  energy  of  motion,  but  all  except 
an  infinitesimal  amount  is  transformed  by  friction  of  blood  on 
walls  of  vessels  to  heat  and  leaves  the  body  in  that  form.  If  the 
work  done  by  the  heart  of  the  adult  at  each  contraction  is  320 
grammeters,  and  if  the  heart  l)eat  about  72  times  per  minute 
then  the  work  of  the  heart  would  amount  to  77,070  calories  in  24 
hours  (420.5  grammeters  =  1  gramme-calorie)  or  about  ^^^^^  of 
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the  total  energy  usually  expended,  or  about  of  a  heavy 
day's  work.  Nervous  energy  is  also  transformed  to  heat 
energy. 

c.  The  Gonseryation  of  Energy. 

The  law  of  the  conservation  of  energy  holds  as  absolute  sway  in 
the  animal  organism  as  in  the  non-living  world  about  us.  Every 
calorie  of  energy  taken  in  either  remains  as  stored  up  |)otential 
energy  or  it  escapes  from  the  body  in  the  form  of  heat,  of  me- 
chanical motion,  or  as  in  case  of  urea,  as  unli berated  potential  en- 
ergy. The  unliberated  energy  is,  however,  corrected  for  in  the 
above  and  subsecjuent  calculations.  Rubner  {Zeitavh,  /.  BioL 
MuncherXj  1894,  XXX.,  S.  73)  has  been  successful  in  practically 
demonstrating  that  in  the  animal  body  the  law  of  the  conservation 
of  energy  holds  good.  The  subject  of  his  experiment  was  a  12-kilo- 
gramme  dog  which  was  confined  in  a  calorimeter  cage,  thus  confin- 
ing the  energy  liberated  to  heat  energy.  The  dog  received  during  the 
pericnl  228.00  grammes  of  proteid  and  340.4  grammes  of  fat.  This 
food  represented  a  total  of  4,1 1 1,970  calories.  The  amount  of  heat 
actually  given  off*  during  this  jxiriod,  as  shown  by  the  calorimeter 
was  3,958,000  calories.  Thus  96  per  cent,  of  the  energy  received 
as  potential  energy  of  food  appeared  as  kinetic  heat  energy.  The 
remaining  4  ])er  cent,  may  represent  the  mechanical  energy  of  the 
movements  made  in  eating  the  food  or  other  movements  made 
even  in  a  confined  space.  In  another  experiment  the  net  energy 
received  in  the  ingesta  278,500  calories ;  the  heat  energy  given 
off  270,800 ;  in  this  case  over  99.3  per  cent,  of  the  energy  was 
given  off*  as  heat  leaving  less  than  0.7  jier  cent,  for  mechanical 
energy. 

</.   The  Expenditure  of  the  Kinetic  Energy  of  the  Or- 
ganism. 

All  of  the  kinetic  energy  of  the  body  is  finally  expended  in 
one  or  the  other  of  two  forms  :  an  heat  ;  or  as  motion,  A  certain 
amount  of  energy  which  enters  the  system  as  jjotential  energy 
leaves  as  potential  energy.  The  matter  holding  this  energy  is 
urea,  uric  acid,  fieces,  milk,  the  reproductive  products  and  the  oil 
MHTctod  by  the  skin,  or  other  epidermal  products  which  are  shed, 
moulted  or  abraded. 

We  are  now  in  a  ])osition  to  take  an  exact  account  of  the  in- 
come and  exjH'nditure  of  the  energy  of  the  organism  and  may  ex- 
press the  fact  that  the  two  amounts  are  e(|ual  through  the  use  of 
a  Balance  Sheet, 
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Balance  Sheet  of  Energy  for  Man  at  Light  Work. 


Income 

Proteids  :  110  grammes  @  4000  calories 
Fats  :  100  grammen  (t]^  9400  caloric 
Carbohydrates  :  400  grammes  @  4180  calories 

EXPKXDITURK  :— 

Mechanical  work,  212,  750  kilogrammeters  j 

{425.5  grammeters  eqiiivalcnt  to  calorie] 
leat  lost  in  1900  grammes  of  excreta  I 

i Cooling  from  S7°C.  to  120C. :  1900X25  calories] 
leat  required  to  warm  13000  grammes  air  from 

120C.  to  370c. 
[Specific  heat  of  air  -  0.26, .  •.  13000  X  26  X  .20] 
Evaporating  330  gramme^  of  water  from  lungs 
ri  gramme  retjuircs  582  calories] 
Eyaporating  660  grammes  of  water  from  skin 
Radiation  and  conduction  from  skin  about  j 


Income  in  Calories. 


II 


440,000 
940,000 
1,672,000 


Expenditure  in 
Calories. 


3,a52,000 


500,000 
47,500 

84,500 

192,600 

384,120 
1,843,820 


3,052,000 


With  var\'ing  muscular  activity  and  varying  external  tem- 
perature there  will  be  a  fluctuation  of  the  credit  side  of  the  ac- 
count. If  the  balance  is  against  the  system  the  reserved  nutrients 
are  called  out  for  an  immediate  adjustment  of  the  account.  Later 
the  reserv^e  is  made  good  by  a  more  liberal  diet. 

E.  ANIMAL  HEAT. 

a.  Gteneral  Considerations. 

The  subject  of  animal  heat  belongs  logically  under  Liberation 
of  Energy.  Many  of  the  things  usually  discussed  under  animal 
heat  have  already  been  treated  above.  The  very  great  im- 
portance of  certain  phases  of  this  subject  justifies  especial  em- 
phasis under  a  separate  heading. 

From  what  has  preceded  it  goes  without  saying  that  the  heat 
of  the  animal  body  is  the  liberated  heat  of  metabolism.  This 
heat  is  subject  to  constant  additions  through  metabolic  activity  of 
the  tissues  and  to  constant  subtractions  through  radiation  or  con- 
duction from  the  surface. 

One  of  the  most  remarkable  mechanisms  in  the  animal  body  is 
the  heat-regulating  apparatus.  Through  its  operation  certain 
animals  are  able  to  maintain  a  fairly  constant  temperature  what- 
ever the  temperature  of  their  surrounding  medium  may  be. 
Animals  thus  able  to  maintain  an  even  temperature  in  an  uneven 
me<lium  are  called  Homoiothenm ;  (o/weo; — like)  while  animals 
which  are  not  able  to  maintain  an  even  temperature,  but  whose 
temperature  varies  with  that  of  the  surroundings  are  called 
Poikilotherms  {r.ocxdo^ — varied).  Poikilothernial  or  cold- 
blooded'* animals,  by  virtue  of  their  sluggish  metabolism,  have 
a  temperature  somewhat  higher  than  the  medium  when  the  latter 
has  a  relatively  low  temperature  ;  but  above  a  certain  point  the 
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temperature  of  the  animal  falls  somewhat  below  that  of  the  me- 
dium. This  is  well  illustrated  by  the  frog.  The  frog's  tem- 
perature in  water  at  2.8*^  C.  is  6.3*^  C,  in  water  at  20.6*^  C.  is 
20.7^  C.  and  in  water  at  41*^  C.  is  38^  C.  The  poikilothermal 
animai3  are  the  reptiles,  amphibia,  fishes,  and  invertebrates. 

The  homoiothermal  or  ^^warm-blooded"  animals  include  the 
birds  and  mammals.  The  following  mean  temperatures  per  rec- 
tum have  been  determined:  Horse,  37.9®C.;  cow,  38.6**C.; 
sheep,  40.2°C.;  dog,  38.6°C.;  cat,  38.7^C.;  pig,  38.7^C.;  rab- 
bit, 39.2^C.;  guinea-pig,  38.7°C.;  white  rat,  38°C.;  monkey, 
38.4°C.;  common  fowl,  41.6°C.;  duck,  42.1  ^C;  pigeon,  40.9^C.; 
whale,  38.8°C.;  seal,  38.9^C.;  great  titmouse  (a  bird),  44^C., 
(lll^F.)  ;  yellow  hammer,  43.2*>C. 

h.  Method  of  Determining  the  Mean  TMiperature. 

The  usual  method  of  determining  the  temperature  of  an  animal 
is  to  insert  a  mercury  thermometer  into  some  inclosed  space,  hold- 
ing it  in  position  until  the  thermometer  registers.  Various  loca- 
tions are  chosen :  the  mouth,  the  axilla,  the  groin,  the  rectum, 
and  the  vagina.  The  location  most  usually  chosen — the  month — 
is  the  one  which  is  subject  to  the  greatest  accidental  variations. 
Observation  has  shown  that  the  most  reliable  and  unvarying  tem- 
perature may  be  gotten  by  inserting  the  thermometer  several  cen- 
timeters (3-6  cm.)  into  the  rectum  or  vagina. 

The  thermometer  should  roister  tenths  of  a  decree.  The  tem- 
peratures recorded  above  are  in  the  Centigrade  scale,  in  which  the 
difference  in  the  stand  of  the  mercury  column  at  freezing  and  at 
boiling  is  divided  into  100  parts  or  degrees  Cmtigrade.  The 
Fahrenheit  scale,  most  used  in  America,  differs  from  the  Centi- 
grade in  arbitrarily  assuming  for  the  freezing  point  +32^  and 
for  the  boiling  point  +212°,  dividing  the  space  between  these 
two  points  into'  180°  F.,  1°  F.  is  equal  to  f°C.,  or  0.5°C.; 
while  1°C.  =  1.8°  F.  To  reduce  a  centigrade  reading  to  Fahren- 
heit it  is  only  necessary  to  multiplv  by  1.8  and  add  32°;  t.  e., 
;J8°C.=  [38x  1.8+32]  100.4°  F.  ' 

To  reduce  a  Fahrenheit  reading  to  Centigrade  one  subtracts  32® 
and  multiplies  by  0.5,  thus  100.4°F.  (100.4  —  32°  =  68.4  x  .6) 
=  38°C. 

From  what  will  follow  it  will  be  evident  that  in  the  collection 
of  data  for  comparison  uniformity  of  methoil  must  be  observed 
throughout  a  series  of  observations.  If  one  wbhes  to  determine 
the  mean  rectal  tem])erature  in  the  human  subject  he  should  make 
the  observations  at  a  particular  time  in  the  day,  otherwise  his  re- 
sults will  l)e  varied  by  two  factors.  If  he  wishes  to  compare  oral 
with  rectal  temperature  he  should  observe  as  indicated  above^ 
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«very  precaution  to  eliminate  every  other  variable  except  the  one 
whose  value  he  wishes  to  determine.  If  he  attempts  to  compare 
the  early  morning  temperature  of  a  man  with  the  evening  oral 
temperature  of  a  child  his  results  will  be  valueless. 

e.  Factors  Which  Cause  Variations  of  Temperature. 

1^  Climate. — There  is  very  little  difference  in  the  body-tem- 
perature of  the  races  inhabiting  frigid,  temperate  and  torrid  zones  ; 
but  if  a  native  of  the  frigid  zone  travels  into  the  torrid  zone  his 
temperature  Avill  rise  several  tenths  of  a  degree  higher  than  the 
normal  for  the  reason  that  his  organs  of  heat  regulation  can  not 
<»asily  adjust  themselves  to  so  profound  a  change  in  the  environ- 
ment, and  the  heat  accumulates  in  the  body.  When,  on  the  other 
hand,  a  native  of  the  torrid  zone  is  subjected  to  a  frigid  tempera- 
ture, his  heat  production  cannot  keep  pace  with  the  heat  expendi- 
ture and  his  temperature  falls  slightly  below  the  normal. 

2.  Sex. — Sex  exerts  little  influence.  Extended  observations 
have  determined  that  the  temperature  of  a  bitch  is  0.2°C.  lower 
than  that  of  a  dog  ;  that  the  temperature  of  a  female  duck  is  0.3° 
C  higher  than  that  of  the  male  duck ;  that  the  temperature  of 
the  mare  is  0.4°C.  higher  than  that  of  the  stallion.  This  differ- 
ence is  small  and  inconsistent.  The  results  for  the  human  sub- 
ject are  contradictory,  but  the  temperature  of  the  woman  seems 
to  be  slightly  higher  than  that  of  the  man. 

3.  Age. — Infants  and  children  have  a  mean  temperature  higher 
than  the  mean  temperature  of  the  adult  by  about  0.4°  C.  After 
puberty  the  temperature  reaches  the  level  of  the  adult  tempera- 
ture, which  level  it  maintains  throughout  life  with  possibly  a 
slight  rise  in  rectal  temperature  with  old  age. 

4.  The  Changing  Season. — The  oral  temperature  follows  the 
seasons,  l)eing  slightly  higher  in  summer  and  slightly  lower  in 
winter.  The  rectal  temperature  is  higher  in  the  winter  and  early 
spring  than  at  any  other  time  during  the  year.  (Bosanquet,  Lan- 
cef,  Ix)nd<>n,  1895,  Vol.  I.,  p.  672.) 

Animals  have  a  remarkable  resistance  to  the  extremes  of  climatic 
changes,  the  body  temjK?rature  not  rising  perceptibly  when  the 
external  rises  several  degrees  Centigrade  a()ove  the  temperature  of 
the  blood.  On  the  other  hand  animals  and  men  subjected  to 
fiudden  fall  of  temperature  in  winter  will  maintain  an  equable 
temperature. 

o.  Extreme  Temperatures  Artificially  Produced. — When 
an  animal  is  subjected  to  extreme  heat  much  in  excess  of  that 
which  it  may  ex]KTience  with  the  changing  seasons  it  is  able  to 
maintain  a  fairly  even  temperature  for  some  time  if  the  hcdfcd 
<ur  he  dry,  while  in  moist  heat  the  temj^erature  quickly  rises  and 
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death  ensues.  The  reason  for  this  is  simple  :  in  dry  air  the 
evaporation  from  the  surface  keeps  the  temperature  down ;  while 
in  moist  air  the  evaporation  is  reduced  or  quite  suspended  and 
the  animal  has  no  defense  against  the  extreme  high  temperature^ 

When  a  homoiothermal  animal  is  subjected  to  extreme  cold  the 
protective  process  consists  in  retaining  enough  of  the  liberated 
heat  to  keep  the  temperature  up  to  normal.  The  coat  of  hair  or 
feathers  or  subcutaneous  fat  usually  suffices  in  all  animals  which 
are  accustomed  by  nature  to  low  temperature.  Animals  not  so- 
protected  succumb  soon. 

Cold-blooded  animals,  especially  fish,  may  be  cooled  to  so  low 
a  temperature,  —  1°  C.  to  —  3°  C,  that  there  is  a  torpor  simu- 
lating death  ;  but  with  gradual  rise  of  temperature  the  life  proc-- 
esses  start  up  again. 

6.  The  Influence  of  Day  and  Night. — The  following  chart 
gives  the  result  of  observations  by  Jiirgensen  and  Liebmeister 
(HamJbuvh  der  Pathohgie  nnd  Therapie  des  Fiebers,  Leipzig, 
1875).  Note  that  the  lowest  temperature  is  at  5:00  A.  M.,  and 
the  highest  from  5:00  P.  M.  to  7:00  p.  m.  The  range  is  just  1^' 
C.  or  1.8°  F. 

Fig.  200. 


UA.M.        12  M.        3  P.M.      CP.M.       « P.M.  U        3  A.M.  5  AJ4. 

Daily  variation  of  temperature.    (After  JCrgenskn.  ) 


3  A.M. 


The  cause  for  these  variations  seems  to  be  the  bodily  activity 
of  the  day  and  the  rest  of  the  night  because  in  men  who  work 
nights  and  sleep  during  the  day  the  curve  is  practically  reversed. 

7.  Muscular  Work. — The  muscles  are  the  heat-producing 
organs  p((r  cvtr/lcnce,  80  per  cent,  of  the  heat  energy  of  the  body 
Ix'ing  liberated Hn  the  muscles.  The  heat-producing  function 
of  the  muscles  is  not  by  any  means  independent  of  their  con- 
tractility. Just  how  far  these  two  functions  are  interdependent 
is  undetermined.  It  is  certain  that  when  an  urgent  call  for  more 
heat  is  made  upon  the  system  the  muscles  resiK)nd  with  involun- 
tary jerky  contractions  {t<hiverhu/).  The  natural  impulse  is  for 
the  animal  to  Ix^gin  active  voluntary  exercise  to  "  warm  up.'* 
On  the  other  hand,  heat  is  produced  in  the  muscles  when  they 
are  apparently  at  |)erfect  rest  so  far  as  any  visible  or  sensible 
contractions  are  concerned ;  yet  if  the  muscles  are  paralyzed  by 
curare  they  lose  their  heat-producing  power  and  the  animal  is  at 
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the  mercy  of  external  temperature,  i.  potentially  a  "cold- 
blooded] "  animal.  There  L?  an  increased  production  of  heat  dur- 
ing exercise  ;  if  the  increased  amount  of  heat  L»  not  given  off  from 
the  Wxly  as  fast  as  it  is  liberated  within  the  body  there  will  be 
a  rise  of  temperature.  Re])eated  ob^rvations  by  numerous  ob- 
j»er\'er8  show  that  vigorous  muscular  exercise  may  be  attended  by 
a  rise  of  as  much  as  1.2°  C. 

8.  Mental  Work. — For  reasons  similar  to  those  cited  above 
under  iivm*nhir  frork,  there  is  a  rise  of  temperature  accompanying 
vigorous  mental  work.  This  rise  is  local  and  may  or  may  not  be 
cd>mmunicated  in  perceptible  degree  to  the  system  in  general, 
though  it  is  usually  conceded  that  the  general  temperature  may 
rise  as  much  as  0.7°  C.  >vith  mental  work. 

9.  Food. — ^The  increased  activity  of  the  digestive  glands,  and  of 
the  involuntary  muscles  of  the  digestive  system  causes  a  some- 
what increased  production  of  heat.  At  the  same  time  a  large 
proportion  of  blood  is  collected  in  the  central  organ — less  upon 
the  surface — and  the  heat  expenditure  is  decreased.  These  two 
things,  working  together,  tend  to  raise  the  temperature.  When 
other  factors  tend  to  lower  the  temperature  a  meal  would  have 
the  effect  of  keeping  up  the  temperature  when  it  would  otherwise 
fall.    This  is  the  effect  of  a  dinner  at  night. 

10.  Sleep. — Sleep  in  itself  has  no  influence  directly  upon  tem- 
perature. Perfect  rest  which  accompanies  sleep  causes  a  slower 
proiluction  of  heat  and  consequently  a  fall  of  temperature. 

11.  Baths. — When  a  warm-blooded  animal  is  immersed  in  a 
l)ath  it  is  at  the  mercy  of  two  factors :  heat-production  and  heat- 
conduction.  The  first  factor  is  not  likely  to  differ  much  from  the 
normal,  so  that  the  principal  factor  is  the  temperature  of  the  bath. 
If  it  is  aljove  blood  temperature  the  l>ody-tcmperature  will  rise. 
If  the  temperature  of  the  bath  is  l)elow  that  of  the  blood, — the 
usual  coiKliti<ni, — the  temperature  will  tend  to  fall,  though  it  must 
l)e  remembered  that  the  heat-producing  factor  may  in  this  case 
be  an  iniiK)rtant  one.  If  the  temi)erature  of  the  bath  is  much 
below  that  of  the  lAaod  the  fall  of  body  temperature  may  he  con- 
siderable. A  12-ininute  bath  in  sea  water  at  G.7°  C.  caused  a 
fall  of  oral  teiniKTature  from  ^^6.7°  C,  to  34°  C. 

12.  Drugs. — A/colio/j  hy  increasing  cutaneous  ciiculation, 
causes  a  fall  of  teiii])erature. 

dtlnroff trill,  ef/icr,  morphine j  chloral ,  and  nicotine  cause  a  fall  of 
temperature  through  decreased  heat  production. 

(Jui'ftri  causes  fall  through  paralysis  of  the  muscles  followed  by 
decretised  heat  producti(ai. 

Cocain,  (lirojtiii,  cajfein,  and  veratrin  raise  the  temperature 
through  decreased  heat  radiation  or  increased  heat  production. 

13.  Individual  Differences  of  Temperature. — The  mean 
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temperature  of  individuals  of  the  same  species  living  under  ex- 
actly the  same  circumstances  will  not  always  be  the  same.  The 
mean  temperature  of  one  man  may  differ  by  as  much  as  0.7°C. 
from  iiiat  of  another^  all  conditions  being  apparently  the  same. 

14.  The  Limits  of  the  VariationB  ^Pembrey  gives  the  max- 
imum range  of  normal  human  temperature  as  2^  C.  (3.6^  F.). 
*^  By  exposure  to  cold^  especially  when  subjects  are  drunk^  the 
temperature  may  fall  as  low  as  24^  C.  without  a  fatal  issue.'' 
(Pembrey-Schaefer's  Text-book  of  Physiology,  Vol.  I.,  p.  821.) 


Wunderlich  is  44.76^C.  (112.6^F.).    Death  followed. 


(a)  Temperature  in  Superficial  Caatties: 

(i)  Bend  of  knee  =  36°C. 

(ii)  Inguinal  fold  =  35.89C. 
(ill)  Closed  axilla  =  36.5^C. 

(iv)  Mouth  (under  tongue)  =  37.2  °C. 

(v)  Rectum  =38°C. 

(vi)  Vagina  e  38.3°C. 

(6)  Temperature  of  Fluids  and  Tissues  : 
(i)  Blood  in  left  heart  =  38.8°C. 
(ii)  Blood  in  right  heart  =  38.8^C. 
(Ill)  Blood  in  hepatic  vein  =  39.7 ^C. 
(iv)  Blood  in  crural  vein  =  37.2^C. 


1.  Relation  of  Heat-Oeneration  to  Heat-Expenditure. — 

In  order  to  maintain  an  even  temperature  of  body  in  a  medium 
of  widely  varying  temperature  it  is  necessary  that  the  oi^nism 
be  provided  with  some  means  of  adjusting  either  the  rate  of  heat 
production  or  the  rate  of  heat  radiation.  The  factors  which  work 
together  to  maintain  the  themwtatilc  condUim  arc  called  thermo- 
f/emiic  and  thenndytic  factors.  These  two  factors  have  the  fol- 
lowing relation  to  Thermotaxis;  the  greater  the  thermogenesis 
the  higher  the  temperature;  the  greater  the  thermolysis  the 
lower  the  tcmperatun^  If  we  represent  the  temperature  which 
is  produced  in  the  body  by  the  interaction  of  these  &ctors  by 
the  therniogenctic  factor  by    and  the  thermolytic  factor  by  I  then : 


{(i)  Variation  of  Oxe  Factop. — ^From  the  above  expression 
it  \i  evident  that  the  temperature  will  be  increased  (raised)  by  an  in- 


The  maximum 


d.  Temperature  Topography. 


f.  Heat  Begiilation  or  Thermotaxis. 
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'  crease  of  g,  ( ^  =      j  or  by  a  decrease  of  I  ^t=  In  ver- 

bal expression : — the  teniperaiure  will  be  raUed  by  an  increase  of 
heat-formatian  or  by  a  decrease  of  hecvt-radiaiion. 

Furthermore,  the  temperature  may  be  lowered  by  a  decrease  of 

heat-formation      =  or  by  an  increase  of  Iieai-radiation^ 

(6)  Variation  of  Both  Factors  Together. — Both  of 
these  factors  may  increase  at  the  same  time.    The  situation  may 

be  expressed  mathematically  as  follows  :....<  = 

If  m  =  n  ;  /.  e.,  if  both  are  increased  proportionally  there  will  be 
no  change  in  the  temperature  for  the  expression  reduces  at  once  to 

the  normal,  t  =  j^.    If  m'>  n;  i,  e,,  if  heat-formation  increases 

mare  than  heat-liberation  the  temperature  will  rise,  Ifm  <Cn  ;  i,  e,, 
if  the  heat-liberation  increases  more  than  the*heat-formation  there  tpiU 
be  a  fall  of  temperature. 

But  the  thermotactic  factors  may  both  decrease  at  the  same 

time ;  expressed  mathematically  as  follows  :....<=  ^- . 

If  ^  =  ~  ;  i,  e,,  if  heat-generation  is  decreased  propoHionally 
with  heat-radiation  the  temperature  would  remain  unchanged.  If 
m  >  71  ;  i,  e,y  if  heat-generation  is  decreased  more  than  is  heat-radi- 
ation there  tcould  be  a  decrease  (fall)  in  tetnperature.  If  m  <  ?i  ; 
/.  e,y  if  heat-generation  is  decreased  less  rapidly  than  is  heat-libera- 
tion there  would  he  an  increase  (rise)  in  temperature, 

2,  Thermotactic  Centers. — (a)  TiiERMoctENKric  Centers  : 
(i)  On  median  side  of  corpus  striatum  ;  (ii)  between  corpus  stri- 
atum and  optic  thalmus  ;  (iii)  in  anterior  end  of  optic  thalmus. 

Thermogenetic  centers  may  be  :  Thennoangmentor  or  Thermoin- 
hibiiory  and  the  thermogenetic  impulses  pass  from  the  centers  to  the 
metabolic  tissues  along  the  trophic  nerves  supplying  those  tissues. 

(6)  Thermolytic  Centers. — The  factors  of  thermolysis  are  : 
(i)  radiation  ;  (ii)  evaporation. 

Both  radiation  and  evajwration  must  take  place  from  the  sur- 
face of  the  skin  or  respiratory  mucous  membranes,  principally  the 
former. 

Dilatation  of  the  cutaneous  arterioles  favors  both  radiation  and 
increased  secretion  of  perspiration.  Contraction  of  the  arteri- 
oles has  the  reverse  influence  upon  radiation  and  evaporation.  It 
then  becomes  evident  that  both  factors  of  thermolysis  may  be  in- 
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creased  by  vaso-cutaneous  dilatation.  The  vaso-motor  centers 
may  be  classified  as  (a)  vaso-constrictor  and  (/9)  vaso-dilator. 

(a)  The  vcu$o-comtrktor  center  is  bilateral  and  is  located  in  the 
anterior  end  of  the  floor  of  the  fourth  ventricle.  This  center  is 
always  in  action  and  constant  impulses  from  it  to  the  various  ves- 
sels causes  their  tonm.  This  center  seems  to  be  general  in  its 
jurisdiction  and  various  stimuli  may,  through  its  action,  cause 
general  increase  or  decrease  of  vaso-constriction  accompanied  by 
general  rise  or  fall  of  blood-pressure. 

(/9)  The  vaso-^ilator  centers  are  not  centralized  in  some  circum- 
scribed part  of  the  brain  or  cord,  but  diffuse,"  i.  e.,  small  local 
centers  are  located  intra-  and  extra-cranially  along  the  central 
nervous  axis.  The  purpose  of  this  becomes  evident  when  we 
remember  that  these  centers  ad  locally,  their  apparent  function  be- 
ing to  increase  local  blood  supply. 

"  There  is  in  some  degree  an  inverse  relation  between  the  ves- 
sels of  the  skin  and  those  of  deeper  parts  on  reflex  stimulation  of 
vaso-raotor  centers.  The  cutaneous  vessels  are  oflen  dilated  while 
those  of  the  deeper  parts  are  constricted."  (Am.  Text-book, 
quoting  from  Franck,  p.  502,  1 896.)  This  fact  makes  it  evident 
that  the  whole  surface  of  the  skin  may  flush  through  vaso-dilata- 
tion,  but  the  blood-pressure  still  kept  up  by  vaso-constriction  in 
the  deep-lying  tissues. 

Evaj)oration  is  increased  or  decreased  through  the  influence  of 

(.^)  the  sweat-center,  which  is  bilateral  and  located  in  the  medulla. 

All  of  these  centers  are  stimulated  reflexly  by  the  temperature  of 
the  medium  which  comes  in  contact  with  the  skin.  If  cold,  then 
the  tliermogenetic  center  is  stimulated  and  the  metabolic  tissues  be- 
gin a  more  active  katabolism.  Meanwhile  the  heat  supply  is  con- 
served bv  a  withdrawal  of  the  blood  from  the  periphery',  /.  e,, 
vaso-contrictor  center  stimulated.  Presently  the  heat  accumulates 
through  conservation  and  production,  and  a  reaction  sets  in  ex- 
j)ressed  by  a  cutaneous  vaso-dilatation.  The  blood  comes  to  the 
surface,  warms  the  skin,  and  by  exposure  falls  in  temperature  to 
the  normal. 

On  the  other  hand,  when  the  medium  is  too  hot,  the  sensory 
nerves  in  the  skin  carry  impulses  to  the  centers :  (i)  the  thermo- 
giMietie  activity  is  inhibited  ;  (ii)  the  sweat-center  is  stimulated,  the 
pei-spinition  pours  out  upon  the  skin  and  its  evajwration  cools  the 
body.  The  interaction  of  the  controlling  factors  keeps  the  tempera- 
ture within  about  one-half  degree  of  the  average,  i.  e,,  within  a  range 
of  about  one  degree,  though  under  less  usual  circumstances  2°C. 

Various  causes  may  oi)erate  to  bring  about  an  abnormally  high 
or  low  temjwrature,  i'specially  the  former.    This  condition  which 
is  a  pathological  one  is  a  symptom  incident  to  many  diseases  and 
will  be  treated  in  full  under  Pathology. 
26 
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1.  DEFINITIONS. 


Excretion. — "  The  separation  of  waste  products  of  an  organ 
or  of  the  body  of  a  whole,  out  of  the  blood.  The  material  so 
excreted  "  (Gould).  Comparison  of  this  definition  with  tUat  of 
secretion  (p.  246)  shows  that  excretion  is  looked  upon  as  a 
special  form  of  secretion  ;  the  distinction  being  that  secretion 
is  elaboration  of  any  product  from  constituents  of  blood  or  lymph 
while  excretion  is  the  separcUion  of  waste  products  frotn  the  blood 
or  lymph  . 

Egestion. — "  The  expulsion  of  excrements  or  of  excretion.'* 
(Gould.) 

Egesta. — "  (pi.  of  ^estum,  fecal  matter.)  The  discharges  of 
the  bowels  or  other  emunctory  organs."  (Gould.)  Let  us  make 
a  specific  application  of  these  definitions.  The  parietal  cells  of  the 
gastric  glands  take  up  NaCl  and  H^CO^  or  CaClj  and  NaJIPO^ 


active  cells  elaborate  new  prodxicts. 

An  excretion  differs  from  a  typical  secretion  in  that  the  former 
represents  waste  products  which  escape,  from  the  place  where  the 
katabolism  occurred,  into  the  lymph  or  blood  and  so  circulate 
through  the  system  until  brought  to  some  organ  whose  active 
cells  have  the  power  to  nelect  and  separate  these  waMe  products  oxd 
of  the  blood.  For  examj)le,  urea  is  secreted  (internal  secretion) 
by  the  liver,  but  excreted  by  the  cells  of  the  convoluted  tubules 
of  the  kidney. 

The  term  egestion  is  a  general  one  and  includes  all  of  those 
acts  which  have  as  their  end  the  throirlny  out  of  excretions  espe- 
cifdlf/,  though  th(»  term  may,  not  improperly,  be  used  to  include 
not  only  the  throwing  out  of  the  excreta,  but  also  of  matter 
which  has  never  formed  a  part  of  the  bcnly,  e.  r/.,  the  undigested 
portion  of  food  ;  and  also  the  unabsorl)ed  part  of  the  inspired 
air — the  nitrogen. 

Egestion,  then,  is  represented  by  the  following  special  acts ; 
(1)  J)efe('ation,  (2)  Micturition,  (3)  Perspiration,  (4)  Expiration. 
The  matter  tlirown  out  of  the  organisms  by  these  acts  may  be 
called,  collectively,  egesta  ;  while  the  term  excreta  may  be 
used  only  for  that  p(trt  of  the  etjesta  which  was  at  one  time  a  con- 
stituent of  the  body  and  has  l)een  reduced  to  a  condition  useless 
to  the  organism  and  has  l)een  excreted  by  the  lungs,  the  skin,  the 
kidneys  or  the  liver. 


from  the  blood,  where 
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2.  GENERAL  CONSIDEBATIONS. 

We  have  now  followed  the  process  of  nutrition  to  its  last  stage^ 
— ridding  the  body  of  the  waste  products.    We  have  studied  the 
process  and  products  of  digestion  and  have  enumerated  the  factors 
involved  in  the  absorption  of  digested  foods ;  we  have  studied 
examples  of  the  anabolic  changes  which  occur  during  the  assim- 
ilation of  the  absorbed  matter,  and  of  the  katabolic  changes 
which  occur  incident  to  the  activity  of  the  tissues.    We  have 
noted  from  time  to  time  the  formation  of  some  body  useless  to 
the  animal  organism.    Frequently,  indeed,  these  bodies  are  worse 
than  useless, — ^they  may  be  poisonous.    In  either  case  it  is  nec- 
essary that  the  organism  be  provided  with  some  means  of  throw- 
ing off  the  useless  or  poisonous  matter.    But  what  is  the  charac- 
ter of  this  waste  matter  as  we  have,  up  to  this  point,  noted  it  ? 
1st.  There  was  a  gas — COj — the  product  of  the  oxidation  of  the 
tissues.    2d.  There  was  water,  in  part  the  unchanged  water  of 
imbibition,  in  part  the  product  of  oxidation  of  the  hydrogen  of 
the  tissues.    3d.  There  was  solid  material  composed  of:  (i)  cer- 
tain organic  lK)dies — urea,  hippuric  acid  ;  (ii)  inorganic  salts — 
NaCl,  HKSO^,  etc.    If  one  were  to  compare  this  list  of  material 
"  outgo  "  with  the  list  of  material  *^  income  — the  foods— one 
would  note  a  remarkable  parallelism  in  the  general  character  of 
the  matter,  /.  e,,  both  lists  contain  a  gas,  water,  and  solids  com- 
posed of  organic  and  inorganic  matter,  the  organic  matter  con- 
taining nitrogenous  and  non-nitrogenous  bodies  and  the  inorganic 
matter  containing  a  long  list  of  chlorides,  phosphates,  and  sul- 
phates.   But  the  j)arallelism  vanishes  as  soon  as  one  glances  at 
the  specific  character  of  the  "  income  "  and    outgo  "  matter :  the 
"  inef)mo represents  matter  of  high   potentiality,  while  the 
"  outgo represents  matter  completely,  or  almost  completely,  de- 
pleted of  its  energy.    The  method  of  liberation  and  expenditure 
of  this  energy  has  been  discussed. 

The  only  situations  where  the  waste  products  could  be  thrown 
out  of  the  system  are  the  boundary  surfaces.  These  boundary 
surfaces  include  the  skin  and  all  of  the  mucous  surfaces,  including 
the  gen it4)-uri nary  epithelium,  (^f  all  these  possible  situations 
certain  locations  are  specialized  for  typic^il  secretion  only  (e,  ir/., 
genital,  conjunctival  epithelium),  certain  locations  are  sjx?cialized 
for  absorption  only  (villi  of  small  intestines) ;  certain  locations 
are  devoted  in  part  to  secretion  and  in  part  to  absorption  (epithe- 
lium of  stomach  and  large  intestine).  The  only  portion  of  the 
boundary  epithelium  which  is  specialized  exclusively  for  excretion 
is  the  rend/  cinfhvUiiin,  The  pulmonary  epithelium  is  nearly  as 
much  devoted  to  absorption  as  to  excretion.  The  general  cutane- 
ous surface  is,  first  of  all,  an  organ  of  j)rotection,  secondarily,  an 
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organ  of  thermolysis  where  the  water  secreted  by  the  sweat  glands 
serves  a  specific  purpose.  Quite  subordinate  to  the  two  functions 
mentioned  above,  the  skin  is  an  organ  of  excretion  supplementing 
the  work  of  the  kidneys  in 

the  excretion  of  water.  Fio.  201. 

Of  the  epithelium  lining  ^ 
the  alimentary  canal  it  can 
not  be  said  that  it  is  excre- 
tory in  any  sense.  A  por- 
tion of  the  secretion  (mucus, 
ete.),  passes  out  of  the  ca- 
nal with  the  faeces,  but  it  is 
secreted  for  a  particular  lo- 
cal function  and  is  not  sepa- 
rated out  of  the  blood  to  rid 
the  system  of  it.  The  he- 
patic epithelium,  however, 
forms  several  excreta,among 
which  are  urea,  which  is  ex- 
creted by  the  kidney,  and 
bile  pigments  which  are  ex- 
creted by  the  liver  itself. 

To  summarize :  excretion 
takes  place  at  four  more  or 
less  specialized  parts  of  the 
boundary  epithelium :  (i) 
the  mud  epithelium^  (il)  the 
pulmonary  epithelium,  (in) 
the  general  rutaneom  mtrjace, 
(iv)  the  hepatic  epithelium. 

The  physiologicAlly  im- 
portant features  of  the  struc- 
ture of  the  lungs  and  of  the 
liver  have  been  summarized 
under  respiration  and  meta- 
bolism. The  structure  of 
the  skin  will  be  given  under 
the  subject,  External  Rela- 
tions. The  only  organ 
solely  excretory  in  its  func- 
tion is  the  kidney  whose 
anatomy  mav  be  here  summarized 


(Cadiat.) 


Vaitcular  supfilv  of  kidney, 
matic.  a,  nart  of  art«rial  arch ;  b,  Intcrlobiilir  ar- 
tery ;  r,  glomeruIuH ;  tf,  efflBrent  Tcaael  MwriBf  to 
medulla  aa  falae  arterla  recta ;  e,  eapillanca  of  eoiw 
Ufx  :  /,  capillaries  of  medulla ;  g,  Tonoiii  aroh :  A, 
atralgbt  Telnii  of  modulla ;  /,  Tena  atcUula ;  i,  lnt«r- 
lobular  rein.  (Schakfkk.) 


3.   ANATOMT  OF  THE  KIDNST. 

The  following  summary  presents  the  fisicts  of  greatest  impor- 
tance to  the  physiologist. 
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EXCRETION:  INTRODUCTION. 


a.  The  Blood-Supply  of  the  Elidney. 

(1)  The  large  short  renal  artery  direct  from  the  abdominal 
artery  carries  to  the  kidney  its  supply  of  arterial  blood.  Its 
size  is  wholly  out  of  proportion  to  the  kidney,  making  it  evident 
at  once  that  another  purpose  than  simple  nourishment  of  the  kid- 
ney tissue  is  to  be  accomplished. 

(2)  The  large,  short  renal  vein  emptying  direct  into  the  vena 
cava  offers  slight  resistance  to  the  return  of  the  blood. 


Fig.  202. 


Diagram  of  the  course  of  two  uriuiferous  tubules.  (Ki.kin.) 


(3)  The  formation  of  a  network  of  artorial  and  venous  arches 
between  the  cortex  {A,  Fig.  202)  and  the  medulla  {B  C\  Fig.  202) 
in  and  just  below  the  plane  a'  (see  a  and     Fig.  201). 


H  THE  URINIFEROUS  TUBULES. 
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(4)  The  interlobular  cortical  arteries  passing  upward  from  this 
plane.    (6,  Fig.  201.) 

(5)  The  glcmendi  or  tufts  of  capillaries  on  either  side  of  the  in- 
terlobular arteries,  (c,  Fig.  201.)  Each  glomerulus  is  supplied 
by  an  afferent  arteriole  and  is  emptied  by  an  efferent  venule. 

(6)  The  capillaries  of  the  cortex  (e,  Fig.  201)  surrounding  in  a 
network  the  tubules  of  the  cortex  and  fed  by  tne  efferent  venules. 

(7)  The  capillaries  of  the  medulla  fed  by  the  true  and  false  at- 
tei-ioi  rectce.    {d'  and  rf,  Fig.  201.) 

(8)  The  interlobular  veins  collecting  the  blood  from  the  cortex 
and  through  the  venous  arches  passing  it  into  the  larger  branches 
of  the  renal  vein. 

6.  The  Uriniferous  Tubules. 

(1)  Capsule  of  Bowman  inclosing  a  glomerulus.  The  glomer- 
ulus, though  inclosed  by  the  capsule,  is  outside  of  the  uriniferous 


Fig.  203. 


Tubiilos  from  a  siH-tioii  of  dog'n  kidney,  ri,  capsule,  incltMiiig  the  glomerulus  ;  n,  neck  of  the 
capsule  ;  r,  r,  roiivolutcd  tubuU*8  ;  b,  im'gular  tuhulert ;  d,  collectiDg  tube ;  e,  e,  spiral  tubes ;  /, 
liart  of  tb«<  iLvrudiug  limb  of  Ilenle'M  loop,  here  (in  the  medullary  ray)  narrow.  (Schabfbb 
afior  Klein. ) 

canal,  because  the  capsule  is  reduplicated,  one  layer  of  it  lying 
iij>on  the  glomerulus,    (a.  Fig.  203,  and  1,  Fig.  202.) 

(2)  The  neck  of  the  capsule,  beyond  which  the  real  tubule 

beji^ins. 

(;3)  The  prorimal  convoluted  tubule  (3,  Fig.  202,  c.  Fig.  203), 
clothed  with  striated  cuboidal  epithelium. 
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(4)  The  spiral  portion  (4  and  e,  Figs.  202  and  203),  with 
low  granulo-striated  epithelium  and  wavy  course. 

(5)  The  descending  limb  of  Henl^s  loop  (5,  Fig.  202),  pos- 
sessing the  narrowest  lumen  of  the  entire  tubule  surrounded  by 
flattened  plates  whose  nuclei  project  into  the  lumen  of  the  tubule. 

(6)  The  loop  of  Herde  and  the  ascending  lirnh  of  Henle^s 
hop  (6,  7,  8,  9,  Fig.  202 ;  and  /,  Fig.  203)  with  polyhedral 
cells  and  flattened  nuclei. 

(7)  The  irregular  portion  and  the  distal  convoluted  portion 
(10,  11,  Fig.  202) ;  (6  and  c,  Fig.  203)  whose  epithelium  is  sim- 
ilar to  that  of  the  proximal  convoluted  portion. 

(8)  The  colleding  tubules  of  the  medullary  ray  (12,  13,  Fig. 
202 ;  and  d,  Fig.  203),  with  cuboidal  transparent  epitheliiun. 

(9)  The  excretory  ducts  of  the  medidlary  portion  (14,  15,  Fig. 
202),  whose  epithelium  consists  of  large,  well-defined,  columnar 
cells  with  elUpsoidal  nuclei  near  the  base. 

e.  Innervation  of  the  Kidney. 

The  kidney  is  supplied  by  branches  from  the  7'enal  pl^ts  which 
surrounds  the  renal  arter}\  The  renal  plexus  is,  in  turn,  "formed 
by  filaments  from  the  solar  plexus,  the  outer  part  of  the  semilu- 
nar plexus,  and  the  aortic  plexus.  It  is  also  joined  by  filaments 
from  the  splanchnic  nerves.  The  nerves  from  these  sources — fif- 
teen or  twenty  in  number — ^have  numerous  ganglia  developed 
upon  them.  T?hey  accompany  branches  of  the  renal  artery  into 
the  kidney."  (Gray.) 

The  ultimate  origin  of  this  plexus  is  a  center  in  the  floor  of  the 
fourth  ventricle,  anterior  to  the  vagus  center.  Section  of  the 
nerve-tract  anywhere  between  the  center  and  kidney  causes  in-  ^ 
crease  in  size  of  kidney  and  polyuria  or  hyduria.  Stimulation  of 
the  peripheral  end  causes  shrinking  of  the  kidney  and  decrease  of 
excretion.  These  experiments  lead  to  the  conclusion  that  the  renal 
plexus  c^irries  principally  va^o-constricfor  fibers.  Other  experi- 
ments show  that  there  are  vaso-dilator  fibers.  The  existence  of 
a  specific  secretory  center  has  not  been  demonstrated.  That  some 
local  center  must  exist  is  indicated  by  the  rcsi3onse  of  the  excised 
kidney,  in  size  and  activity  of  excretion  to  certain  perfused  drugs. 


THE  URINE. 
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THE  PHYSIOLOGY  OF  EXCRETION. 
A.  RENAL  EXCRETION. 
1.  THE  UBINE. 

a.  Oeneral  Characteristics. 

1.  The  Quantity. — An  average  sized  man  passes  about  1500 
c.c.  in  24  hours.  This  amount  varies  from  1200  c.c.  to  1700  c.c. 
according  to  various  conditions,  the  chief  factors  which  increase 
the  quantity  being  increased  imbibition  and  decreased  perspiration. 
Either  of  these  two  things  or  both  together  usually  accounts  for 
increased  urinary  excretion. 

2.  The  Specific  Gravity. — The  urine  consists  of  a  number  of 
soluble  solids  in  solution.  The  amount  of  the  solids  is  less  vari- 
able than  the  amount  of  the  water  but  the  proportion  may  vary 
considerably.  The  specific  gravity  varies  between  the  usual  normal 
limits  1015  and  1025.  The  factors  enumerated  above  which  in- 
crease the  quantity,  at  the  same  time  decrease  the  specific  gravity 
because  it  is  the  water  rather  than  the  solids  which  is  increased. 
If  the  limits  given  above  are  exceeded  in  either  direction  the 
cause  should  be  determined.  To  pass  beyond  these  limits  does 
not  by  any  means  necessarily  indicate  a  pathological  condition. 
Halliburton  gives  as  extreme  physiological  limits  1002,  after  ex- 
cessive imbibition  and  1035,  after  copious  sweating.  But  these 
are  unusual  limits,  and  habits  which  could  lead  to  such  extreme 
dihition  or  condensation  of  urine  might  readily  lead  to  nutritional 
disturbances. 

ll.  The  Reaction. — Normal  human  urine  is  usually  acid  when 
j>a8sed.  The  urine  of  carnivora  is  strongly  acid  ;  that  of  herbiv- 
onx  and  vegetarians  is  either  faintly  acid  or  alkaline.  The  acidity 
of  urine  is  due  to  the  presence  of  acid  sodium  phosphate  (XaH^POJ. 
In  average  urine  about  60  percent,  of  the  phosphoric  acid  present 
is  in  the  form  of  XaH^PO^.  When  other  acids  pass  into  the 
hl<KKl  from  the  metabolic  tissues  or  the  absorptive  surface  they 
take  bases  from  the  monohydrogen  phosphate  and  thus  increase 
the  (lihyilrogen  phosphate,  so  increasing  the  acidity  indiredfyiy  the 
acid  body  in  the  urine  being  in  everj'  case  dihydrogen  phosphate j 
particularly  XaH^PO^. 

Bunge  called  attention  to  the  fact  that  the  secretion  of  HCl  into 
the  lumen  of  the  stomach  is  accomj>anied  by  a  quantitative  (internal) 
secretion  of  bases  into  the  circulation.  This  will  tend  to  decrease 
the  acidity  of  the  urine,  because  the  alkali  thus  liberated  combines 
with  the  acids  i)roduced  in  other  metabolic  processes  forming 
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fM^jirsil  Milt«  apd  prr/toetini^  OMkobTdrrigien  phosphate  from  the 
w^U  III  /jiMMtioo.  TtiM  aoeouot^  in  part  for  the  decreased  acidity 
iff  tiie  unne  durir^  digei$tion. 

reaiifio  ttie  alkalinity  of  the  urine  of  heriHvora  is  that 
tiiifir  fii^Ml  i'/mUitOH  a  eotmieniAe  quantity  of  alkaline  bases  (Xa 
ari^l  K }  ill  mfmlAmti/m  with  organic  acids  (tartaric^  citric,  malic). 
'V\umi  wouIh  \)(ti!ipmii  oxidized  in  the  body  and  the  metals  combine 
with  iff  imkit  cartx^nates  whose  excretion  in  the  urine  neu- 
tral ix^js  tliif  ar;i<ls  and  leaves  the  liquid  alkaline  in  reaction. 

To  mntumri/ji :  Tlie  re/u^ti/m  of  the  urine  U,  in  many  normally 
tu^ul,  Tlw.  miiliiy  in  due  to  fuAd  plimphaieH.  The  acidity  is  in- 
/fn*^ij$e/l  by  irure/ijw/l  jm/tei/l  metaholum.  The  acidity  w  decreased 
by  iiujt'MUm  of  Out  bojim  in  emntnnation  with  organic  adds.  The 
tu*ldUy  in  dmre/istefl  by  i/ie  Hecretion  of  HCL  The  alkalinity  of  the 
bl/Htd  U  tU'ctenHfid.  (acidity  of  urine  increased)  by  the  secretion  of 
bile,  ami  paiurmtii*  juice, 

4.  The  Color. — ^The  normal  light  yellow  varies  with  the  specific 
((mvlty  Hhmllnff  into  brown  with  increasing  specific  gravity  and  be- 
()oiiilng  aInioHt  iis  clear  as  water  with  decreasing  specific  gravity. 

b.  The  Chemical  Composition  of  the  Urine. 


Tliu  riiluf  Hrliiiirx  (NumtltuonUi. 


Wuli«r 
H4ill<U 
(I)  nriiniilu 
(ii)  NlirtigtMioui 

(H)  Krtmttiilii 
(y)  I'lio  AoUl 
I  lh|i|iurli«  \vU\ 
\uiilhlii  lltHltt^ 

(i'^  rini>t«h.v«lrnloN 

IMglllOlllM 

{,D)  liioignitlo 
I  A )c unit 


I'erceut- 
I  NC« 
I  (.omiwfi- 
tion. 

I 

(irainnies 

I  100.0() 

w.m 

4.830 

I  ium 
:  'i.'.m 

2. 212 
O.(MU) 
0.(W7 
0.027 


Pabkes. 


Qu,ntlU»P«,Wi;» 


BUNOE. 


in 

24  hours. 


Grammes 

1000 

1427.4fi 
72.fl4 
4fi.04 
:».04  I 

O.Ul 

o.w 

0.40 


body 
weight 


Per  diem  I  Per  diem 

on  on 
!  meat  and  i  bread, 
water   I  butter 
diet.     and  water 


Grammes  {Grammes  {Grammes 
1672C.C  1920C.C 


23.9667 
22.8600 
1.1057 
0.6794 
0.WH4 
0.5000 
0.0140 
0.00.H4 
0.0060 


90.«07-f 

I 

70.761  f 
67.200 

2.1«« 

1.398 


I 


46.448  + 

21.814 
20.600 
0.961 
0.253 

? 


10.00 

0.1510 

i.8;w 

27.5l>  ' 

0.426:t 

19.S46 

1.^634 

12,67 

0.2m5 

11.92S 

7.919 

0.5(H> 

7,50 

0.12tU> 

;vsi7 

4.996 

.'.Ml  ' 

3.16 

0.iV4.s^) 

3.4:t7 

1.658 

.1:14 

2.01 

0.iK*V5 

4.674 

1.265 

14,vH3 

0.221s 

7.91S 

5.715 

ll.W 

0.1661 

:i.99i 

;i,923 

.167 

2,50 

amio 

3.1U15> 

1.314 

0.77 

O.OKW 

.017 

a  26 

0.1¥HV4 

'o.;?2s' 

"0.339* 

.014 

0,21 

0.21U 

0.139 

i\  The  Urinary  Constituents  Separately  Considered. 

Tho  ijuaiuitv  of  wii/t/*  oliiuiiuUnl  friMU  tho  SN-stom  hv  \\*ay  of 
tho  kiihu  vs  is  fnr  nion^  i\uu<uint  than  tho  i|U:uuity  ino[\'stovl,  the 
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range  of  the  former  being  about  500  c.c.  (1200-1700)  while  the 
range  of  the  latter  is  as  much  as  1000  c.c.  One  of  the  excretory 
organs  must  present  a  range  suflBciently  wide  to  cover  that  shown 
by  the  water  imbibed.  The  skin  fulfills  this  requirement.  The 
relation  between  the  quantity  of  water  ingested  and  that  excreted 
by  skin  and  kidneys  together,  with  the  reciprocal  relations  be- 
tween skin  and  kidneys  will  be  discussed  at  length  with  the  func- 
tions of  the  skin. 

The  quantity  of  solids  excreted  by  the  kidneys  is  subject  to  a 
considerable  range.  Note  in  the  above  table  that  with  a  meat 
diet  the  solids  are  about  twice  as  great  in  quantity  as  with  a  bread 
diet ;  and  that  with  a  mixed  diet  (second  column)  the  quantity  is 
midway  between  that  of  the  pure  proteid  and  the  vegetarian  diet. 
By  far  the  greater  part  of  the  solids  leaves  the  body  by  the  kidneys. 

1.  Organic  Compounds. — The  relation  between  organic  and 
inorganic  varies  within  rather  wide  limits ;  for  a  mixed  diet  the 
organic :  inorganic  ::  5:3 ;  for  a  meat  diet  the  organic  matter  is 
probably  at  least  four  times  as  great  in  quantity  as  the  inorganic, 
while  with  the  vegetarian  diet  the  relations  approach  those  of  a 
mixed  diet. 

(a)  Nitrogenous  Compounds.  About  94  per  cent.  (15 
grammes  daily)  of  the  nitrogen  leaves  the  body  through  the  kid- 
neys, the  remaining  6  per  cent.  (1  gramme  daily)  leaves  the  body 
in  the  intestinal  secretions,  cutaneous  and  pulmonary.  The  nitro- 
genous excreta  are  much  affected  by  the  diet.  Note  that  with  a 
meat  diet  they  aggregate  twice  as  much  as  with  a  mixed  diet.  Of 
the  nitrogen  of  the  urine  about  86  per  cent,  is  in  the  urea,  3  per 
cent,  in  kreatinin,  2  per  cent,  in  uric  acid  and  xanthine  bodies,  6 
per  cent,  in  other  nitrogenous  compounds  including  hippuric  acid, 
amido-acids,  indol,  skatol,  pigments,  and  neucleo-albumin ;  and 
3  per  cent,  in  ammonia. 

Am)noni(i  should  probably  be  classified  with  the  nitrogenous 
compounds,  but  inasmuch  as  it  appears  as  a  base  among  the  in- 
orgimic  constituents  of  the  urine  the  author  has  classified  it  as  an 
inorganic  base,  under  which  head  it  will  be  discussed. 

 \fj 

(a)  Urea  or  carhamide,  C):C_^jj^  ,  is  the  most  important  of 

the  nitrogenous  comjK)unds.  The  average  amount  is  about  33 
grammes  per  day,  though  with  a  meat  diet  it  may  be  twice  as 
great.  No  jiortion  of  the  urea  is  formed  in  the  kidney.  That 
org:in  is  the  excretory  organ  alone.  As  already  stated  above, 
under  nietalM)lism,  nearly  all  of  the  urea  is  farmed  in  the  liver; 
and,  for  the  most  part,  probably  from  ammonium  carbonate  by 
double  d(*hydration.  The  source  of  the  ammonium  carbonate 
from  the  products  of  katabolism  has  been  discussed  above.  (See 
metabolism.) 
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(y?)  Krecdinin  or  Glycolyl  methyl  guanidin  or 


H 


As  has  been  stated  above  the  kreatinin  of  the  urine  probably 
comes  from  the  kreatin  ingested  with  lean  meat.  This  ingested 
kreatin  is  dehydrated  in  the  liver  and  excreted  directly  by  the 
kidneys.  The  fate  of  the  kreatin  which  is  found  in  the  muscles 
is  still  a  matter  of  conjecture.  The  fact  that  when  food  is  free 
from  kreatin  the  urine  is  free  from  kreatinin  would  seem  to  indi- 
cate that  the  sole  source  of  kreatinin  is  the  kreatin  of  the  food. 
On  the  other  hand  the  excretion  of  kreatinin  during  starvation 
seems  to  decrease  the  force  of  the  preceding  observation.  The  fact 
that  kreatin  is  present  to  the  extent  of  0.3  per  cent,  in  muscle 
tissue  does  not  necessarily  indicate  that  it  is  one  of  the  usual  mid- 
proilucts.  It  may  accumulate  to  the  extent  indicated  above  and 
remain  a  fairly  constant  constituent,  little  being  normally  added  to 
the  supply  and  little  taken  away.  If  it  is  being  constantly  formed 
it  is  probably  completely  katabolized  to  HjO,  COj,  and  XH3,  and 
the  end  katabolites  built  up  to  the  urea  level  again  ;  or  it  may  l)e 
subjected  to  such  a  series  of  changes  as  that  outlined  on  page  375. 

{y)  Uric  acid :  Uric  acid  is  the  principal  constituent  of  avian 
excrement.  In  the  mammalian  urine  it  is  an  important  and  con- 
stant constituent,  though  the  quantity  is  small  compared  with  that 
of  urea.  The  fact  that  when  uric  acid  is  given  to  a  mammal, 
mixed  with  food,  it  is  hydratcd  and  oxidized  to  urea  and  CO^ 
(Emil  Fischer,  Ber.  d.  dentchcr  Chem.  Gaz,,  Bd.  17,  1884) 
makes  it  probable  that  uric  acid  may  ])e  one  of  the  antecedents 
of  urea.  That  such  is  the  case  has  not  l>een  demonstrated,  how- 
ever.   Medicus's  formula  for  uric  acid  is  as  follows  : 

H  0 

N— C  H 
0:C<  C-N 

H  H 

Xote  that  the  addition  of  2Il2()  -|-  30  would  reduce  this  ni<»le- 
cule  to  2  urea  -|-  3CO^.  Xormal  urine  contains  no  free  uric  acid, 
but  contains  several  combinations  of  uric  acid  with  bases :  Am- 
monium urate,  sodium  urate,  potassium  urate,  calcium  urate, 
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lithium  urate,  etc.  Their  composition  is  shown  by  simply  dis- 
placing one  or  more  of  the  hydrogen  atoms  with  the  metal.  The 
displaceable  hydrogen  atoms  are  indicated  by  heavier  type  in  the 
formula.  Little  is  known  of  the  relation  which  these  combina- 
tions sustain  to  the  metabolism. 

Carnin  or  Di-methyl  uric  acid  has  been  found  in  traces  in 
urine ;  the  two  CH^  radicals  displace  the  two  hydrogen  atoms  in- 
dicated above. 

Considerable  difficulty  has  been  experienced  by  those  who  have 
worked  in  this  field  in  determining  the  relations  of  the  metals  to 
the  uric  acid.  To  facilitate  the  explanation  of  this  subject  as  now 
understood,  we  may  represent  the  uric  acid  formula  thus  :  HgU  ; 
H2  being  the  two  displaceable  hydrogen  atoms  and  U  representing 
the  remainder  of  the  uric  acid  formula  :  MjU  would  represent  a 
neutral  urate  (e.  g,y  NajU  neutral  sodium  urate) ;  MHU  would 
represent  an  acid  urate  or  a  biurate;  H^U'MHU  would  represent 
a  hyper-acid  salt  or  qiiadnxirate.  Neutral  urates  are  decomposed 
by  H^CO,  or  by  carbonates.  They  cannot  then  exist  in  the  blood 
or  in  the  urine.  The  acid  urates  (MHU)  are  very  stable  salts ; 
they  arc  less  soluble  than  the  neutral  salts,  but  much  more  soluble 
than  uric  acid. 

Though  urine  when  excreted  contains  no  free  uric  acid,  this  ap- 
peiirs  usually  after  as  a  crystalline  deposit  after  the  urine  has 
stood,  which  represents  a  part  of  the  uric  acid  freed  from  the 
metals.  It  has  been  supposed  that  it  was  set  free  by  the  acid 
phosphates  present  in  the  urine : 

MHU  -h  MH^PO,  =  H,U  -h  M.HPO,. 

Sir  William  Roberts  (quoted  by  Hopkins,  in  Schaefer's  Text- 
book, Vol.  I.,  J).  589)  believes  that  the  above  reaction  does  not 
represent  completely  the  situation  ;  "  that  uric  arid  w  excreted  as  a 
quad ri urate ;  that,  bciiuj  in  aqueous  solution^  the  quadriurates  are 
in  a  state  of  untttahle  equilibrium  and  tend  at  once  to  decompone  ac- 
cord in(/  to  the  equation  : 

(I)  MHUII.U  =  MHU  +  H^U. 

Thus  lihe rating  the  uric  acid  which  is  precipitated.  After  this 
preliminary  decomposition  the  following  reaction  takes  place,  in 
whii  h  two  molecules  of  biurate  are  combined  to  form  one  of  quad- 
ri urate  : 

(II)  2MHU-hMH,PO,  =  MHUH,U+M^PO, 

This  (juadriurate  may  now  be  decomposed  (i)  and  the  resulting 
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biurate  combined  (ii),  and  [so  on  until  all  of  the  urates  are  decom- 
posed and  the  uric  acid  liberated. 

Hopkins  calls  attention  to  the  fact  that  it  is  not  demonstrated 
that  equation  (i)  occurs  first.  The  uric  acid  may  be  excreted  as 
a  biurate  and  formed  by  acid  phosphate  into  quadriurate  as  shown 
in  equation  (ii).  The  two  equations  could  alternate  just  the  same 
according  to  this  proposition  and  the  uric  acid  be  eventually  all 
liberated. 

The  amount  of  uric  add  is  only  about  J  gramme  daily  on  a 
usual  mixed  diet.  The  ratio  of  uric  acid  to  urea  is  thus  about 
1:60.  Some  have  emphasized  this  ratio  as  having  considerable 
physiological  significance,  being  a  phydolofficaJ  constant.  A  glance 
at  the  table  giving  the  composition  of  urine  shows  that  diet  alone 
may  disturb  this  ratio — with  a  meat  diet  the  ratio  is  1 :48 — while 
with  a  bread  diet  it  is  1:82. 

As  shown  by  Camerer  (Zeitach.  f,  BioLy  Miinchen,  1896)  the 
amount  of  uric  acid  excreted  is  a  meamire  of  the  nudeoproteids  in- 
gested. 

The  absolute  amount  of  uric  acid  excreted  is  ' '  increased  by  exces- 
sive  exerdse  and  diminished  by  rest.''  (Hopkins.) 

Even  on  the  same  diet  and  with  the  same  habits  some  indi- 
viduals will  excrete  a  much  larger  amount  of  uric  acid  than  others. 
This  individual  element  must  be  taken  into  consideration  in 
clinical  cases. 

(3)  Hippuric  add  or  benzamido-acetic  acid,  or  benzoylglycin  : 
C,H,-CO  •  NH-CH,-COOH. 

Under  metabolism  it  was  stated  that  in  the  system  hippuric 
acid  is  formed  by  a  synthesis  of  benzoic  acid  with  glycocoll  or 
amido-acetic  acid.  We  may  go  a  step  further  and  say  that  when 
any  of  the  benzole  derivatives  which  contain  only  one  side  chain 
is  ingested  it  is  usually  oxidized  to  benzoic  acid  and  this  in  turn 
synthesized  with  glycocoll  to  form  hippuric  acid.  Such  benzole 
derivatives  are  toluene,  C^H^— CH^ ;  cinnamic  acid,  C^jH^— CH* 
OH-COOH  ;  phenyl-propionic  acid,  C.H.-CH^-CH  -COOH. 
Aromatic  bodies  of  this  class  are  present  in  epidermal  tissues  of 
fruits  and  vegetables.  If  one  eats  apple  skins  he  will  increase  the 
excretion  of  hippuric  acid.  Hippuric  acid  then  has  a  double 
origin  :  (i)  Aromatic  lx)dies  in  the  ingesta;  (ii)  proteid  katabolism. 
The  fact  that  hippuric  acid  does  not  entirely  disappear  from  the 
urine  during  starvation  indicates  that  the  aromatic  bodies  may  re- 
sult from  katabolism  of  proteids. 

Hippuric  acid  may  combine  with  metals  to  form  hippuratos,  in 
which  form  it  appears  in  the  urine. 

(s)  The  Xanthin  Bodies, — These  bodies,  together  with  uric  acid, 
belong  to  a  group  of  compounds  known  as  af/oxuric  bodie.s.  They 
represent  the  combination  of  two  radicals,  aUoxan 
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H 

N— C=0 

0:C  C:0 

^N— C:0 
H 

and  urea. 

Lee  gives  these  bodies  the  following  skeletal  structure : 


X- 


-c 


■N 


— N 


>C 


(i)  Xanthin  has  the  following  formula  : 

X— C  H" 
0:C<  C-N^c:0 

Tlie  hydrogen  atoms  printed  in  heavy  type  are  displaceable  atoms* 
Xanthin  arises  from  the  decomposition  of  nuclein  and  is  found 
in  all  tissues  and  li(|uids  of  the  body. 

(ii)  Heteroxnnthm  or  Monomdhyl  Xanthin  (C-H^N^Oj)  is  found, 
in  small  amounts  in  the  urine.  The  methyl  raaical  displaces  hy- 
drogen atom  number  one  (H'). 

(ill)  Pdraxanfhin,  Dimethyl-xanthia  or  Theobromin  is  the  alka- 
loid of  cocoa.  The  methyl  radicals  occupy  the  positions  H'  and 
11".  This  theobromin  loses  one  methyl  radical  and  is  excreted 
as  monomethyl  xanthin. 

(rv)  Tri methyl- Xanthin,  or  Caffein,  or  Thein  is  the  alkaloid  of 
coffee  and  tea.  The  methyl  radicals  occupy  the  jwsitions  H',  H" 
and  IP"  and  the  body  is  demethylated  to  mono-methyl-xanthin'for 
excretion.  This  is  the  body  which  imparts  to  coffee  and  tea  their 
stimulating  effects. 

(v)  Ciuanin,  or  Lnido-xanthin  formed  by  substituting  NH  for 
one  of  the  ()  atoms.    This  is  one  of  the  katabolites  of  nuclein. 


H  H 

N— C 


H 


HN:C 


C— Nn 


H 


C:0 
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( VI)  IIifpfMxaifdhin  or  Sarnn  is  next  to  Tantliiii  the  most  im- 
pr>rtaiit  xaothin  body  of  the  arine.  It  has  one  les^  O  than 
xantbioy  hence  it«  name : 


H-C 


H  H 
N-C-  H 


(vii;  Aflenin  or  Lnido^irein  is  formed  by  sobstitnting  XHfor 
the  O.  It  <^ii?itains  to  the  metabolism  a  relation  similar  to  the  other 
liodies  of  the  group. 

Tlie  xanthin  b^idies  arise  from  the  katabolism  of  nocleo-pro- 
Uti(h.  When  nucler^-proteids  are  freely  ingested  uric  acid  and  the 
xan thins  are  freely  egested.  As  the  metabolic  tissues  contain 
nuclf;r>.proteids  there  is  naturally  a  moderate  excretion  of  the 
iKxlies  at  all  times.  Normally  excreted  to  the  amount  of  0.1  per 
cent,  of  the  total  nitrogen  (i.  e.,  xanthin  nitrogen  =  0.1  per  cent. 
t^>tal  \).  The  free  ingestion  of  green  vegetables  raises  the  nitro- 
gen of  the  xanthin  to  0.6  per  cent,  of  the  total  nitrogen.  In 
certain  forms  of  leukaemia  their  amount  is  greatly  increased. 

f^)  Amido  Acifht  when  ingested  are  usually  katabolized  and  ap- 
pi!ar  as  urcja  in  the  urine.  But  in  acute  yellow  atrophy  of  the 
liver  and  in  phosphorus  pciisoning  these  bodies  pa^  into  the  urine 
unchanged,  fjencin  and  Tyrosin  are  the  chief  amido-acids  so  ex- 
cret(Kl.    fJijMiny  or  Dithio^liamido-dhidene-Iactic-rtcid  = 

H  NH, 

HC— C— COH 
H   S  6 


H   S  O 
HC^C— COH 
H  NH3 

This  is  on  its  face  a  double  molecule.  It  is  an  oxidation  syn- 
thesis j)f  two  cystoin  molecules  :  Cvstein  or  Amido-thiopropionic 
acid 

H  NH, 
II.C_C— C()H 
li    S  O 
H 


is  a  kataholite  of  proteid,  probably  the  sulphur-containing  kata- 
bolitc,  hut  it  is  normally  dccomi)osed  to  simpler  products.    If  not 
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so  decomposed  it  may  enter  into  the  following  reaction  :  2  Cystein 
-f-  O  =  Cystein  +  H^O.  Cystein  is  quite  insoluble  in  water  and 
appears  in  urinary  sediment  in  hexagonal-plate-crystals  or  it  may 
form  calculi.  Certain  families  present  the  peculiarity  of  excret- 
ing considerable  quantities  of  cystein  (0.5  to  1.0  gramme  daily). 

{b)  Aromatic  and  Nitrogenous-Aromatic  Compounds. — 
This  class  of  urinary  constituents  is  derived  almost  wholly  from 
absorbed  aromatic  bodies.  Some  of  these  may  exist  as  such  in 
vegetable  tissues,  some  of  them  are  lil>erated  from  or  split  off 
from  protcid  during  the  digestive  and  decomposition  processes 
which  go  on  in  the  alimentary  canal.  Some  of  these  serve  an  im- 
j>ortant  office  in  furnishing  a  vehicle  for  the  I'emoval  of  the  sul- 
phuric acid  ;  the  bodies  so  formed  are  called  Conjxujated  Sulphates. 

There  are  three  subdivisions  of  this  class,  viz :  (i)  Hydroxyl 
aromatic  bodies,  (ii)  Carboxy  acids,  (iii)  Conjugated  Sulphates. 

(a)  Ilifdvoxyl  Aromatic  Bodies, 

(i)  Phenol,  oxyl)enzole,  phenyl-hydroxide,  carbolic  acid : 
C.H,/OH.    (For  structural  formula  see  Digestion-Introduction.) 

CH 

(ii)  Kresol,  para-kresol,  C'^H^  "^OH^    This  body  is  much  more 

abundant  than  Phenol. 

(in)  Pjfrocatevhin  or  ortho-di hydroxy l)enzole  (CgH^  =  (OH)^), 
and  its  isomere  Tfi/droehinin  or  para-dihydroxybenzole  CgH^= 
(OH)2are  lH)th  found  inhuman  urine;  the  first  only  in  small 
quantities  ;  the  second  only  rarely  and  in  traces. 

(iv)  Inoxit  or  hexahydroxybenzole,  C^H^jO^.  The  quantitative 
formula  of  this  body  is  very  misleading.  One  would  take  it  for 
dextrose  or  at  least  a  carbohydrate.  It  was  so  considered  until 
recently.  After  excessive  imbibition  of  water  this  l)ody,  which 
seems  to  be  normally  present  in  all  the  metabolic  tissues,  will  ap- 
pear in  the  urine.    Its  structural  formula  is  as  follows  : 

H  OH 

V 

(; 

HO^(,  ^,  H 
UO^(.  H 

ir  ^OH 

c 

HO  H 

(^i)  (  arhoj'j/  arid.**, 

(I)  Para-hy(lroxyphenyl-a<*etic  acid, 

'^«"«^CH,COOH. 
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{u)  Para-hydroxyphenyl-propionic  acid, 

(ill)  l)i-hydroxyphenyl-acctic  acid, 

'  «"'"-CHj— COOH. 
(iv)  Tri-liydroxyplicnyI-proj)ionic  acid, 

{y)  Thf  Conjiifjatcfl  Su/pfiatea.  Incident  to  the  fermentative 
prcKfCHses  which  on  in  the  ah'mentary  tract  phenol,  kresol, 
indol  and  skatol  are  formed.  These  Ixxlies  are  in  part  absorbed 
and  pass  into  the  circulation  ;  their  accumulation  in  the  blood 
would  be  verj'  deleterious  to  the  system.  In  the  liver  they  meet 
the  acid  sulphate  of  potassium  or  sodium,  or  sulphuric  acid  and 
enter  into  a  series  of  liarmless  combinations  which  are  in  due  time 
ex(Tetc»d  by  the  kidneys. 

(i)  Phenol  sulphate  of  Potassium  has  been  discussed  above. 
Phenol  may  also  l)e  conjugated  with  HgSOj  or  with  NallSO^. 

(ll)  Para-krcAol'Hulphaie  of  Potassium. 

Recall  that  para-kresol  =  para-methylphenol  and  the  composi- 
tion of  this  b<Klv  will  be  at  once  understood  : 


n 

H  KOn— () 
H-C     (^—c  U— () 

HOC  rii'' 

(' 
u 

Para-kresol  may  also  bo  conjugated  with  ir,S(  )^  or  with  NalLSO^. 

(hi)   liKjo.rifl'Snljfhfffc  of  Pofft^ssiuin  or  IndK'AN. 

ludol  is  one  of  tli(»  katabolites  of  intestinal  fermentation: — 


H  H 

('  — (-11.  (— co- 


la )o  — o 
-() 


HC     ('     CM  TIC     ('  CH 

<"     N  ('  X 

n    H  U  li 
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If  H,  be  displaced  by  — OH  indoxyl  results.  The  conjuga- 
tion of  KHSO^  with  indoxyl  results  in  the  formation  of  indican 
with  the  release  of  HjO,  Indoxyl  may  also  conjugate  with 
H^SO,  or  NaHSO,. 

(iv)  Skafoxyl  Sulphate  of  Fotassium. 

Skatol  =  Methyl-Indol,  the  Hj  of  indol  giving  place  to  CH,. 
One  of  the  hydrogen  atoms  of  the  methyl  may  be  displaced  with 
KSOj — to  form  the  body  in  question. 

H 

^'             H  K  O  n—O 
HC     C—C—C'O  U  —i) 

HC     C  C-H^* 

C  N 
H  H 


The  Oarbohydrates  of  the  Urine. 

(a)  Ihwtrosv, — The  urine  of  the  average  individual,  living  an 
ordinary  life,  xipou  an  onlinary  diet,  generally  contains  sugar, 
— dextrose  (Hoi)kins).  This  normal  sugar  is  fnnal/  hi  avwuuf. 
Excessive  ingestion  of  sugar  is  likely  to  be  followed  by  a  much 
increased  excretion  of  sugjir — a/imentary  (jlycomina.  In  certain 
diseased  conditions — i^specially  in  diabetes  mellitiLS — the  excretion 
of  dextrose  is  excessive  sometimes  exceeding  500  grammes  a  day, 

(j'i)  Ijtrfosc  is  a  normal  constituent  of  the  urine  of  women  dur- 
ing lactation.  It  may  be  found  in  minute  (juantities,  and  during 
a  i)ortion  only  of  the  lactation  period.  When  lactation  is  sud- 
denly checked  the  excretion  of  lactose  may  l>e  considerable. 

(y)  J^vnfihscs  (r,  r/.,  xylose,  arabinose)  C.H,„(),^  apj)ear  in  the 
urine  after  the  ingestion  of  cherries,  plums,  etc.,  where  pentoses 
exist  as  fruit-gums.'' 

(o)  homa/fost'  is  said  to  be  present  in  normal  urine  (Baisch, 
Zrlhrh.  f,  riu/siol.  dinn.,  Bd.  XX.,  S.  249,  quoted  by  Hopkins). 

(£)  '(ihji'n'nmw  Ariff,  CHX)H— (CHOH)  — (HO*  is  derived 
from  glucose  by  oxidation  of  the  primary  alcohol  group  CH^OH 
to  the  carboxyl  group  (XX)II.  It  is  excreted  only  in  traces  in 
the  urine,  but  is  gen<'rally  conjugated  with  some  of  the  aromatic 
l)o<lies  to  form:  1st,  Phenol-glycuronic  acid;  2d,  Indoxyl-gly- 
curouic  acid  ;  or,  .'kl,  Skatoxyl-glycuronic  acid. 
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fl.  Other  Organic  Oompoands. 

(«)  Oxalie  Ae'uh  (COOH^),  or  H  O  C— C^  O  H,  is  a  normal 

6  6 

constituent  of  urine.  It  is  supposed  to  come  from  ingested  veg- 
etable oxalates,  though  it  does  not  wholly  disappear  from  the 
urine  during  flesh  diet  or  during  starvation  (Marfori — quoted  by 
Hopkins,  Schaefer's  Text-book,  A"ol.  I.,  p.  614).  It  readily 
forms  cnlciuin  oxftlafe,  which  is  found  in  crystalline  form  in 
urinarj'  deposits. 

(;})  Tlie  Ffttty  Acul  S^^rirM. — Traces  of  such  volatile  fatty  acids 
as  acetic,  formic,  propionic,  and  butyric  acids.  They  are  sup- 
j)Osed  to  be  the  result  of  bacterial  deoomjjosition  in  the  large  in- 
testine. These  acids  once  absorbed  are  less  readily  oxidized  in 
the  system  tlian  the  higher  members  of  the  same  series. 

(;')  Urinary  Piyinentn. — As  stated  above  under  (4)  color  the 
normal  color  (light  yellow)  varies  in  a  general  way  with  the  rela- 
tive amount  of  water  ])resent,  getting  darker  \\'ith  increasing 
specific  gravity.  If  the  color  of  the  urine  were  due  to  the  pres- 
ence of  one  pigment  only,  it  would  be  possible  to  contrive  a  scale 
of  colorimetric  tests  which  might  be  of  considerable  clinical  value. 
But  there  are  at  least  four  pigments  present  and  the  color  of  each 
is  different,  so  that  the  change  of  the  color  of  the  urine  depends 
upon  the  relative  amounts  of  these  four  pigments  and  is  a  qualita- 
tive change  as  well  as  a  quantitative  one.  Thus  far  attempts  at 
a  colorimetric  determination  have  proved  of  no  value.  The  four 
urinary  pigments  now  known  are :  (i)  Urochrome,  (ii)  Urobilin, 
(ill)  Ur(eri/(hriny  (iv)  Htriiwioporphjfria, 

(i)  Uroi'hroriw,  This  pigment  of  the  urine  maybe  separated  by 
(extraction  with  alcohol,  urine  which  has  already  Ix^en  saturate<I 
with  amnKniiuin  sulphate.  After  the  urochrome  is  removed  the 
urines  is  almost  colorless.  The  pigment  is  easily  soluble  in  water. 
A<|ueous  solutions  <)f  j)ure  pigment  have  the  typical  urine  color. 
It  seems  certain  that  urochrome  is  the  pigment  which  more  than 
any  other  jrives  the  usual  color  to  the  urine. 

(II)  Urohilin,  as  its  name  implies,  is  closely  related  to  the  bile 
pigments.  It  is  uncjuestionably  identical  with  stercobilin,  a  pig- 
ment of  the  fa'ces  also  derived  from  the  bile.  It  is  found  in  the 
bile  wlii(?h  has  undergone  i)artial  decomposition  with(»ut  access  of 
air.  It  seems  to  be  identical  with  hydrobiliruhin,  though  this 
has  not  been  demonstrated.  Hydrobiliruhin  is  derived  from 
bilirubin  by  hydration  and  reduction. 

C',J1„X.(),  +  up  +  IT,=  C,,,IT„XA 
liilirubin  -f-  II/)  -f  Hg^  Hydrobilirubin  or  Urohl/in, 
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(in)  Uroert/thrin  is  the  pigment  which  colors  urinary  deposits 
pink.  It  exists  in  normal  urine  in  traces  only,  Neither  phys- 
iological nor  pathological  importance  has  been  ascribed  to  this 
pigment. 

(iv)  H(vmatoporphynn  (Cj^H^^N^O^)  is  present  only  in  traces 
in  normal  urine,  but  may  become  an  important  constituent  in  cer- 
tain pathological  urines. 

(v)  Chromogem  are  present  in  the  urine  and  the  use  of  reagents 
for  general  analytical  purposes  may  cause  the  appearance  of  some 
pigment  which  may  be  confusing  if  not  understood.  Indoxyl  is  a 
ohromogen  which  easily  oxidizes  to  indigo  blue  or  its  isomere  in- 
digo red.    The  following  equation  represents  the  reaction  * : 

H  H 

C  ^  C 

HC     C  CO  HH  00  C  CH 

H  C     C     c    r_  -  C     C     V  K 
C     X    iH    H       X  H 

H   H  ;    0  H 

H  H 

C  C 

HC     C  — CO  OC— C  CH 

HC     C     C  C  OH 

C     X  N  C 

If    H  H  U 

2  indoxyl  -h  -^O  =  L>H/)  -f.  indigo  blue  (  C,H,  <  ^  >  C  =) 

Oxidizing  agents  added  to  the  urine  may  give  rise  to  either  or 
both  of  these  pigments  (indigo  blue,  indigo  red).  But  the  addi- 
tion of  nitric  acid  readily  decolorizes  these  pigments  by  further 
oxidation. 

l^(ifh(i!iK/ic(iI  urines  may  contain  normal  pigments  in  abnormal 
<(uaiitities  or  such  abnormal  urinary  pigments  as :  Hiviiioglobiiiy 
)iu'f/nrino(//()hin,  hliirnhin,  biliverdin,  carbo/uria,  etc. 

2.  Inorganic  Constituents  of  the  Urine. — (a)  Acids. — (a) 
Stf/jfhnrir  urid  and  ifa  compounds  are  excreted  to  the  extent  of  2 
to  J.o  grammes  jht  di(»m  on  a  mixed  diet  and  as  low  as  IJ^  grammes 
4>ii  a  bread  diet.    (See  table  of  urinary  constituents.)    The  sul- 

'Tlu'  added  oxy^^en  atoru8  are  represented  in  heavier  type. 
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phiir  is  ingested  as  a  constituent  of  the  proteids.  The  excreted 
sulphur  is  in  part  (^)  combined  in  such  forms  as  cystin,  possibly 
also  sulpho-cyanides,  and  bilary  taurin  (pathologically),  but  most 
of  it  (I)  is  in  the  form  of  sulphates.  Of  these  the  conjugated  sul- 
phates, discussed  above  under  aromatic  compounds,  comprise  10 
cent.,  while  the  inorganic  sulphates  comprise  90  per  cent. 
The  inorganic  sulphates  are  Xa^^iSCJ^,  NaHSO^,  KjSO^,  and  KHSO^. 

(/5)  l^lioHphoric  acid  and  iU  compounds  are  excreted  to  the  ex- 
tent of  al)out  ;i  grammes  daily  on  an  average  diet.  This  quantity 
is  somewhat  increased  by  a  meat  diet  and  reduced  to  about  half 
as  much  on  a  bread  diet.  There  are  phosphates  present  in  abun- 
dance in  vegetable  fomls,  but  they  are  mostly  in  insoluble  forms 
(unabsorbed)  forms.  There  are  phosphates  of  Ca  and  Mg ;  but 
most  of  the  phosphoric  acid  is  combined  with  Na  and  K. 

To  the  acid  sodium  phosphate  (XaH.^POJ  the  urine  owes  its 
acid  reaction.  Calcium  phosphate  may  form  a  characteristic  por- 
tion of  the  dejx)sit  from  feebly  acid  urine  ;  while  the  triple  phos- 
phates of  magnesium  and  ammonium  frequently  separate  out  in 
crystals  which  take  the  forms  of  feathery-stars or  "  coffin- 
lids.''  Phosphates  are  decreaseil  in  nephritis  and  are  increased  in 
certain  neuroses. 

ij)  llydrocldonc  acid  is  chiefly  combined  with  sodium.  In 
this  form  the  major  ]X)rtion  of  chlorine  is  absorbed  and  excreted  ; 
the  integrity  of  the  sodium  chloride  molecule  being  usually  un- 
impairecl  during  the  metabolic  processes.  The  amount  of  NaCl 
in  the  circulating  fluid  remains  fairly  constant.  An  increased  in- 
gestion of  this  salt  is  followed  by  an  increased  excretion  of  it. 
Nad  seems  to  be  retained  in  the  system  during  febrile  conditions 
and  to  beexc^reted  more  freely  after  the  condition  becomes  normal. 

(o)  Other  acid fi  (\)  Carbonic  arid  is  present  in  acid  urine  and 
carbonates  in  alkaline  urine;  (ii)  Nitric  acid  combined  as  nitrates 
which  are  not  products  of  metabolism  but  are  ingested  with  the 
food. 

(/>)  Bases, 

(^/)  Sftdiani  in  coininon  salt  is  used  sn  freely  by  many  as  a  con- 
diment that  its  excretion  may  vary  within  wide  limits  ;  5  grammes 
per  (lieni  is  the  amount  given  by  Hopkins  as  average.  Parkes 
in  the;  above  table  gives  more  than  twice  that  much.  This  differ- 
ence is  undoubtedly  due  to  individual  differences  in  the  use  of 
salt  with  the  food.  This  metal  is  excreted  mostly  as  a  chloride, 
but  also  as  a  sulj)hate  and  a  j)hos|)hate. 

(j'i)  Potassiuin  varies  very  much  with  the  diet,  being  much  more 
abundant  with  a  meat  diet  than  with  a  vegetable  diet. 

(U/rinifi  and  (o)  Mfff/nesitim  are  both  present  in  considerable 
(juantities  in  the  food,  but  as  they  are  in  insoluble  forms  (phos- 
j)hates)  a  small  amount  only  is  absorbed.    These  salts  are  impor- 
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tant  in  bone-making  and  tooth-clevelopment,  and  are  there- 
fore found  in  abundance  in  both  milk  and  eggs.  Hoppe-Seykr 
{ZeiUvh.f,  phymol,  Chein,,  1891,  Bd.  XV.,  S.  161,  Quoted  by  Hop- 
kins) found  that  the  excretion  of  calcium  salts  is  much  more 
abundant  during  rest  than  during  exercise. 

2.  THE  PROCESS  OF  UBINABT  EXCRETION. 
a.  Glomerular  Excretion. 

1 .  Experiment. — It  has  been  discovered  that  the  newt  has,  in 
common  with  sevenil  other  ampliibia,  a  double  renal  circulation. 
The  glomeruli  are  supplied  by  the  renal  venie  porta?,  branches 
from  the  femoral  vein. 

Experiment  (i).  Inject  sugar  (or  any  crystalline  and  easily  dif- 
fusible substance)  into  the  blood.  It  will  reappear  in  the  urine. 
Tie  the  renal  arteries,  the  sugar  will  cease  to  be  excreted.  Con- 
chmon  :    Sugar  is  thrown  out  of  the  blood  by  the  glomeruli. 

Kxperiment  (ii).  Inject  urea  into  the  blood.  It  will  be  ex- 
creted. Tie  the  renal  arteries.  The  urea  will  continue  to  appear 
in  abnormal  amounts. 

Expp:KiMKxr  (iii). — Inject  a  mixture  of  sugar  and  urea. 
Both  will  be  excreted.  Tie  the  renal  arter>' :  Sugar  will  cease  to 
be  excreted,  but  the  urea  will  continue  to  appear  in  abnormal 
amounts ;  thus  the  results  of  experiments  (i)  and  (ii)  are  con- 
tinued. 

This  series  of  experiments  was  first  performed  by  Niu<shaum. 
From  these  experiments  and  many  others  we  may  accept  it  as  con- 
clusively demonstrated  that  the  (jhmeruli  exrnfe  the  water  and 
easilji  (fljf'iislh/e  sa/fs. 

2.  Factors  Influencing   Glomerular  Excretion. — (a)  It 

A^AUiKs  WITH  BLooD-PRRssruK. — But  blood-i)ressure  varies  as 
the  heart-force — terminal  resistance  remaining  the  same — or,  as 
terminal  resistance,  the  heart-force  rt^maining  the  same. 

(/))  It  rarirs  irlfh  the  ffifiiie.^^  of  the  v<txeu/ar  st/stem,  (l)  in- 
creased after  copious  drinking  of  water;  (ll)  decreased  after  co- 
pious persj)iration.  Now  this  increase  or  decrease  of  water  occurs 
without  any  essential  change  in  blood-pressure ;  therefore  the 
glomeruli  must  have  an  independent  action  other  than  filtration. 

(r)  DiuretU's  act  by  modifying  some  one  of  these  factors  :  (i) 
Digitalis,  by  iiKTcasing  heart-force.  (ll)  The  nitrites,  by  causing 
hu  al  dilatation  of  vasse  efferentia,  and,  therefore,  increased  local 
pressure,  (ill)  Caffein  and  many  other  drugs, however,  stimulate 
tlie  glandular  activity  of  the  epithelium  of  the  convolutetl  tubules, 
and,  therefore,  im  rease  the  urea,  uric  acid,  etc.,  of  the  urine  with- 
out appreciably  varying  the  volume.  Lauder  Brunton,  of  Ox- 
lord,  urges  the  great  importance  of  distinguishing  two  classes  of 
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diuretic? :  1st,  Those  which  stimulate  glomerular  excretion  of 
water  and  salts,  and,  2d,  Those  which  stimulate  glandular  excre- 
tion of  the  poisonous  urea,  etc. 

{d)  But,  as  convenient  as  it  is  to  believe  that  the  process  of 
glomerular  excretion  is  one  of  simple  ^Ar(i</on,  i.  e.,  varies  exactly 
as  the  ])ressure,  we  are  forced  by  pumerous  observations  and  ex- 
periments to  believe  that  some  other  factor  or  factors  are  at  work 
in  the  process.  Any  condition  which  increases  the  pressure,  but  at 
the  same  time  decreases  the  velocity,  will  decrease  the  rate  of  ex- 
cretion of  water.  A  partial  occlusion  of  the  renal  vein  has  the 
effect  of  increasing  pressure  and  decreasing  velocity.  A  complete 
occlusion  of  that  vein  stops  water  excretion  and  injures  the  organ 
so  that  a  removal  of  the  occluding  ligature  is  followed  by  a  co- 
pious excretion  of  albuminous  urine.  It  is  supposed  that  the  high 
pressure  in  the  glomerulus  mechanically  stops  filtration  by  press- 
ing the  glomerular  epithelium  against  the  walls  of  the  Bowman's 
capsule ;  further,  that  this  pressure  and  tension  on  the  glomerular 
epithelium  injures  it  so  that  it  is  no  longer  able  to  })erform  a  se- 
lective activity,  and  lets  serum  albumin  filter  through.  On  the 
whole,  it  is  concluded  (Hermann's  Handhuch  der  Physioloffiey 
B.  v.,  S.  338)  that  it  is  rather  inermse  in  velocity  than  simple  in- 
crease in  pressure,  which  is  the  essential  factor. 

6.  Glandular  Excretion  or  Excretion  by  the  Epithelium 
of  the  Oonvoluted  Tubule. 

Experiments  of  Nussbaum  produce  practically  conclusive  evi- 
dence that  the  epithelium  of  the  convoluted  tubule  is  the  seat 
of  the  excretion  of  urea  and  allied  bodies.  V on  Wittich  ob- 
served that  in  birds,  whose  urine  contains  little  water,  urates  may 
be  detected  niicrochemically  in  the  epithelium  of  the  tubules,  but 
not  in  Bownuurs  capsule.  If  the  kidneys  be  extirpated  the  urea 
and  allied  bodies  accuniulatt^  in  the  blood  ;  therefore,  these  bodies 
are  not  formed  by  the  glandular  cells  of  the  convoluted  tubules  ; 
these  cells  only  separate  them  out  of  the  blood and  excrete 
them.  We  cannot  properly  sjH'ak  of  the  secretion  of  urine  by 
the  kidneys,  hut  rather  the  excretion. 

The  i!ifluenc(»  of  the  nervous  system  upon  the  activity  of  the 
kidney  in  excretion  seems  to  be  not  perfectly  made  out.  All  of 
the  facts  can  be  explained  by  assuming  that  the  fibers  of  the  renal 
l)lexus  (sec  Introduction  to  Excretion)  are  vaso-niotor  and  not 
secretory.  The  kidney  is  influenced  on  the  one  hand  by  local 
blood- pressure  and  on  the  other  by  the  constituents  of  the  blood. 
In  the  ease  of  the  active  cells  of  the  kidney  as  in  the  case  of  the 
intestinal  cell  we  must  ascribe  a  selective  function.  Dextrose 
and  urea  cinnilatc  side  by  side.    The  cells  of  the  kidney  let  urea 
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pass.  They  do  not  normally  let  any  appreciable  amount  of  dex- 
trose pass. 

e.  The  Egestion  of  Urine — Blictarition. 

The  urine  passes  from  the  pelvis  of  the  kidney  through  the 
ureters  to  the  bladder,  where  it  is  retained  until  that  viscus  is 
sufficiently  full  to  stimulate  its  sensory  nerves  and  so  appeal  to 
the  consciousness  of  the  individual.  The  act  of  micturition  con- 
sists in  voiding  the  urine  in  response  to  this  "  ap[>eal  of  nature," 
The  act  is  partly  voluntary  and  partly  involuntary.  The  initi- 
atory- act  is  voluntary  and  consists  in  relaxation  of  the  sphincter 
whose  tonic  contraction  retains  the  urine  between  the  egestive 
acts.  Once  the  sphincter  is  relaxed  the  contraction  of  the  in- 
voluntary muscular  coats  of  the  bladder  is  sufficient  to  empty  the 
viscus,  though  this  force  may  be  supplemented  by  contraction  of 
the  abdominal  walls.  The  final  act  is  the  voluntary  contraction  of 
the  fwcelei'dtor  urimr  muscle. 

The  innervation  of  the  bladder  is  from  two  sources  :  (i)  From 
the  lower  dorsal  and  upper  lumbar  via  the  mesenteric  ganglion 
and  the  hypogastric  nerves.  Stimulation  of  these  causes  con- 
traction of  the  circular  fibers  of  the  bladder  and  the  sphincter, 
(ri)  From  the  second  and  third  sacral  via  the  nervi  erigentes. 
Stimulation  of  these  causes  relaxation  of  the  sphincter  and  con- 
traction of  the  detursor  urina*. 

B.    PULMONARY  EXCRETION. 

Of  the  products  of  excretion  practically  all  of  the  CO^,  alx>ut 
one-sixth  of  the  water  and  minute  quantities  of  certain  organic 
materials  are  excreted  by  the  lungs,  and  leave  the  body  in  expira- 
tion.   For  the  detiiils  of  this  subject  see  Krspiuatiox. 

r.   CUTANEOUS  EXCRETION. 

Excretion  is  only  an  incidental  function  of  the  skin  and  is 
secoiularv  to  protection  ^  to  f/nwrt/i  Kenmtion  and  to  thermal yais. 
That  tliis  is  true  is  evident  from  the  fact  that  the  sebaceous  glands 
secn  te  fatty  products  whose  function  is  to  keep  the  skin  pliable 
and  noii-absorb(?nt,  while  the  other  glands — the  sweat-glands — 
produce  a  fluid  which  is  almost  wholly  water  and  whose  primary 
function  is  the  regulation  of  heat  by  facilitating  heat  radiation 
(th(«nn()lysis).  The  reciprocid  relation  between  the  amount  of 
water  which  leaves  the  body  by  the  kidneys  and  that  which  leaves 
the  Ijody  by  tlie  sweat  glands  is  an  evidence  that  the  skin  must 
not  be  ignored  as  an  organ  of  excretion. 
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1.  THE  SWEAT. 

a.  Gteneral  Oharacters. 

1.  Quantity. — The  amount  of  sweat  formed  in  a  day  varies 
between  very  wide  limits  ;  the  minimum  being  about  oOO  grammes 
and  the  maximum  being  about  2000  grammes  for  24  hours, 
though  it  may  n^aeh  a  rate  of  4000  grammes  per  diem  for  an 
hour  or  more  in  an  ex|>eriment.  To  collect  the  excretion  for  ex- 
j)eri mental  i)ur|X)se.s  the  subject's  arm  or  leg  may  be  enclosed  in 
a  rubl)er  bag ;  or  the  subject  may  be  placed  naked  in  a  ventilated 
chaml>er,  as  in  the  ex|)erimeuts  of  Voit  and  Pettenkoffer.  In 
such  an  experiment  Schierbeck  (Archiv  /.  Physioi.y  Leipzig, 
IHU:^,  S.  1 IG  ;  Quoted  by  Keid  in  Schaefer's  Text-book,  Vol.  I., 
p.  071)  found  with  pn^ressively  increasing  temj)erature  a  pro- 
gressively increasing  excretion  of  water  and  of  CO^- 


EXCKETION  OK  H2()    AND  CO^  BY  SkIX    AT  VARIOUS 

TEMi»KKATrnKs  OF  Surrounding  Air. 


ToiMfH-raturt'  of 
('hHulM.'r. 

H,0  Kxcri'tion. 
(fraiiiiiKt*  |»er  hour) 

H,0  Kxoretlon. 
(tiramiiK'N  {ler  24 
liourK. 

CC),  Excretion. 
((tramiiieH  per 
hour.) 

CO,  F:xcretion. 
(GranimeH  per 
24  hourn.) 

22.2 
27.  H 
71.9 
7;i.4 
H2Ji 

1W5.H 
'  \'iH.H 

<Mi7.2 
172.">.6 
17r>l.r, 
11W2.4 

m\.2 

0.37 
0.40 
0.37 

0.87 
1.04 
1.23 

8.9 

y.6 

S.9 
S.4 

20.H 
2."».0 
29.0 

2.  The  Specific  Gravity  of  Imman  sweat  is  from  100.3  to 
KMX)  ;  the  greater  tlie  quantity  the  lower  the  specific  gravity. 

The  Reaction  of  sweat  is  acid,  though  when  the  excretion 
is  copious  it  may  become  neutral  or  even  alkaline  in  reaction. 
The  acidity  is  due  to  XaHPO^.  On  .standing  the  reaction  changes 
from  acid  to  alkaline  due  in  part  to  the  change  of  urea  to  am- 
monium carbonate. 

h.  Chemical  Composition  of  Sweat.^ 


Sural  100.  OO 
Wlltrr 

>o|ii|s  1.12 

( 1;  Or^'aiiif  0.6<» 

\o)  i-'atn  aiiil  Fattv  acidn  0.41 

{/>)  Kpithrlimn    '  0.17 

(i  )  I'rt'a  ami  other  Nitntg»»  ktis  (•onipomuN  O.OS 

(J)  Inoriiaiiic  O.-W* 

('/)  S«.(|iiim  ('hIori«h'  0.2H 

{/>)  (Hh«T  Salt-^  O.IS 


M'Voiii  (  liarU'v  IMiysiol.  ( 'lu'iiiistrv,  p.  :>11>  ;  (Quoted  l»y  Hallilnirton  :  Text- 
book of  (  hem.  Pliysiolo«;y,  j).  S'JO. 
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1.  The  Organic  Oonstituents  of  Sweat. — These  are  in  excess 
of  the  inorganic,  but  not  so  much  in  excess  as  in  the  case  with 
urine. 

{(t)  The  Fats  and  Fatty  Acids  are  largely  derived  from 
the  secretion  of  the  sebaceous  glands,  but  when  the  sweat  is  col- 
lec'ted  from  the  palm  of  the  hand  it  still  contiuns  a  small  amount 
of  fats  and  volatile  fatty  acids.  The  reaction  of  the  sweat  is  in 
part  due  to  the  presence  of  fatty  acids.  The  volatile  fatty  acids 
present  are  :  formic,  acetic,  propionic,  butyric,  caproic. 

(6)  TiiR  Epithelium  is  carried  away  mechanically.  The 
epithelial  scales  are  composed  chiefly  of  kenifin,  of  which  sulphur 
is  an  important  constituent.  This  is  one  of  the  ways  in  which 
the  sulphur  leaves  the  l)ody. 

(r)  X^rea  and  Other  Nitro(;en()I's  Compounds  have  been 
demonstrated  by  Argutinsky  (  Archiv  f,  d,  gcs,  Phymo!,,  1890, 
Bd.  XVI.,  quoted  by  Reid,  S.  r)94)  to  l)e  present  in  the  sweat ;  in 
one  case  finding  ().3<)3  grammes  of  urea  in  226  c.  c.  sweat  collected 
in  half  an  hour.  According  to  Reid  the  nitrogen  excreted  by 
the  skin  may  equal  4.7  per  cent,  of  that  by  the  urine.  This 
amount  is  greatly  increased  in  uremic  conditions.  X^ric  acid,  krea- 
tinin,  (»tc.,  have  also  been  found. 

2.  The  Inorganic  Constituents  of  Sweat. — These  are  made 
up  chiefly  of  sfMlium  chloride,  Aimiuj  other  huIUh  are  :  iwtassiura 
chloride,  acid  sodium  phosphate,  sodium  and  potassium  sulphates, 
calcium  and  magnesium  phosphates.  The  salts  are  thus  qualita- 
tively e(|uivalent  to  those  of  the  urine. 

2.    THE  PROCESS   OF  CUTANEOUS  EXCRETION— PERSPI- 
RATION. 

1 .  The  Influence  of  the  Nervous  System  upon  Outaneous 
Excretion. — The  sweat-glands  are  provided  with  {<i)  Hccretory, 
and  (/>)  c(ff<0'HHiior  nerves ;  the  latter  are  represented  hy  both  con- 
si  rlrf  or  and  (lihtfor  fibers.  The  secretory  fi l)ers  radiate  from  a 
center  (or  probably  sevend  centers),  in  the  central  nervous  sys- 
tem— cord  and  medulla.  The  centers  are  stimulated  dirt»ctly  ; 
(i)  l)y  a  higlily  venous  condition  of  the  blo<Kl ;  (ll)  by  a  high 
temperature  of  the  blood  ;  (iii)  from  the  cerebrum  ;  (iv)  by  poi- 
sons :  piloearpin,  strvclinia,  nicotine,  etc.  The  centers  are  stim- 
ulated reflexly  by  subjecting  the  skin  to  a  high  temperature. 

2.  Factors  which  cause  a  Variation  in  the  Quantity  of 
Perspiration. — The  total  perspiration — 500  grammes  to  2  kilo- 
grannnes  (hiily — either  cvajwrates  as  it  is  formed — itiMenHihle  perspi- 
nifinn,  or  it  collects  upon  the  surface  of  the  skin — Hcmible  perxpi- 
ratinn. 

The  total  amount  of  perspiration  varies  (i)  with  the  temperature 
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of  the  air,  (ii)  with  the  proportion  of  water  ia  the  blood,  (in)  with 
blood-pressure,  (iv)  with  the  velocity  of  the  blood-flow,  arising 
usually  from  muscular  activity,  (v)  with  the  activity  of  kidneys 
and  bowels,  (vi)  with  the  state  of  the  emotions,  (vii)  with  general 
systemic  conditions — certain  diseases  are  accompanied  by  profuse 
diaphoresis,  (viii)  individual  peculiarity,  (ix)  drugs  (pilocarpin). 
In  variables  (i)  to  (v)  an  increase  of  the  variable  causes  an  in- 
crease of  the  perspiration.  In  (vi)  anything  which  causes  the 
skin  to  flush  is  likely  to  be  accompanied  by  perspiration,  though 
there  is  a  "  cold  sweat "  also  which  may  accompany  fear. 

The  amount  of  «e)i»ible  perspiration  will  depend  primarily  upon 
all  of  the  factors  which  cause  a  variation  in  the  total  amount  of 
perspiration,  and  secondarily  upon  the  condition  of  the  atmosphere, 
being  increased  by  higher  temperature  and  decreased  by  increasing 
the  capacity  of  air  for  moisture. 

D.  INTESTINAL  EXCRETION. 

Of  the  various  fluids  and  solids  poured  into  the  alimentary 
canal  by  the  surrounding  or  tributary  glandular  epithelium,  by 
far  the  greater  part  is  to  be  considered  to  be  typically  aecretiany 
for  it  is  introduced  into  the  lumen  of  the  canal  to  serve  a  par- 
ticular purpose  ;  after  serving  that  purpose  it  may  be  reabsorbed 
or  passed  out  with  the  egesta.  There  are,  however,  certain  sub- 
stances which  must  be  recognized  as  excretions  :  (a)  The  Bile  Pig- 
nients:  (i)  Bilirubin;  (ii)  Biliverdin ;  (iii)  Hydrobilirubin  (Ster- 
cobilin);  (^?)  The  Fat4ike  Comtiiuierih  of  the  Bik :  (i)  Cholesterin 
(C^gH^OH),  (II)  Lecithin, 

\ 

OPO()II-0<UI;X(CH3)3()H 

Lecithin  and  cliolost^Tin  are  constituents  of  nerve  tissue.  They 
must  be  looked  upon  as  nerve  katabolites  and  the  liver  the  organ 
for  the  excretion  of  those  katabolites  which  are  peculiar  to  nerve 
tissue,  (y)  Sfi/t.^,  (Vrtain  salts,  calcium  salts  especially,  of  the 
bile  and  of  other  intestinal  li(|ui(ls  must  he  looked  n})on  as  on  the 
way  out  of  the  system. 
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THE  SKIN:  THE  DERMAL  SYSTEM. 
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3.  EXCRETION. 
A.  RESPIRATION. 


THE  SKIN:  THE  DERMAL  SYSTEM. 
INTRODUCTION. 

The  skin  may  be  looked  upon  as  an  organ.  Those  structures 
indissoluMy  associated  witli  the  skin  both  histogenetically  and 
functionally  may,  with  the  skin  proper,  be  called  the  Demial 
Sijsfnn, 

This  system  of  organs  represents  histogenetically  epiblast  proper 
and  (hTmal  mesenchyme  ;  the  former  giving  origin  to  those  tis- 
sues and  organs  which  are  distinctively  dermal,  and  the  latter  fur- 
nishing the  substratum  u[>on  which  these  distinctive  structures  are 
built  or  supp<)rted.  Functionally  the  dermal  system  is  par  ex- 
{•vlli'nci',  the  system  of  external  reiations,  which  fact  has  a  definite 
relation  to  the  histogenesis,  the  epiblast  coming  from  the  ectoderm 
of  tlie  gastrula. 
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L  StJMlVIART  or  THE  MOEPHOLOGICAL  FEATURES  OF 
THE  DERMAL  SYSTEM 

From  a  physiological  (^taiid|K»itit  the  fiiilowiiig  points  reganling 
the  i^tructiii'e  of  the  skin  and  its  as8iM!iatc'd  organs  are  of  iiniM>r- 

tance : 

The  dermal  system  of  urgims  involves,  without  t*xeqition,  (cf) 
raesenohymal  tisaiieB  aw  foundation,  and  (b)  an  epib!astic  surface 
as  8ui)erstructure. 

f/»  The  BermiB  or  Corium. 

The  Mfmmehfme  may  be  represented  by  the  close-felted  corinm 
with  ifs  hi  nod  vt\^sels  and  lymph  vcsj^els ;  by  the  dentine  of  a 
tt>oth,  or  bv  the  dense  traus^parent  substance  of  the  cornea. 
(8ec  Fig.  204,  ej.) 


ft.  I  -^tn^lifht  |MirLi'i^[ijiiir  (liiH  *A  ?.wm-g1ai»il  ;  Jt,  iridled  |fuii[iju      ^wt»Ugluu^;  I, 

The  mesenchytnic  dermis,  or  true  skiu  is  everywhere  beset 
with  minnte  papilhe  (  V\g^.  204,  *2n5)*  The  papilla*  are  very 
vascular  (Fig.  208)  ami  tlin^ugh  more  or  less  siieeialized  nerve- 
endings  they  are  e^**peeially  sensitive  (Fig*  205),  Those  pnpilli© 
are  %*ariously  modified  in  structure  in  different  parts  of  the  dermal 
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system  ;  they  form  the  Fig.  2D5. 

basis  of  a  hair  follicle 
(Fig.  209),  they  form  the 
basis  of  the  nails  (Fig. 
207),  and  of  teeth.  With- 
in them  are  located  the 
special  tactile  corpuscles. 
In  a  further  modification 
they  form  the  lingual  pa- 
pillae (7.  r.).  The  marked 
vascularity  of  the  papillte 
facilitates  the  support  ot 
the  tissues  which  are  as- 
sociated with  them  in  the 
formation  of  hair,  nails, 
teeth,  etc.     The  nerve 

supply  insures  the  extreme  sensitiveness  of  the  dermal  tissues 
enumerated :  teeth,  hair,  nails ;  but  it  is  the  root  or  matrix  which 
is  sensitive,  not  the  hair,  nail,  or  tooth  itself. 


a,  nerve  fiber  ;  h,  tactile  papillfe,  containing  a  Meisft- 
uer  tactile  corpuncle ;  r,  vaHCtilar  papilla*.  (After 
Hknda.) 


FlO.  206. 


Swti«»n  of  rnidrnui.x.  //,  hornv  layer,  eonNbtting  of*,  nuperflcial  horny  scales;  iw,  swollen- 
out  horny  rolN  ;  ■«./.  stratum  lucmuni ;  M,  rete  niucosum  or  Malpishian  layer,  consisting  of 
l»ri«  klt'-ti  ll?*.  scviTuI  rows  deep  ;  r,  elongated  cells  forming  a  single  stratum  near  Xht  corium  ; 
and  f.trr.,  stratum  gninulo<<inn  of  I^ngerhaus,  Just  below  the  stratum  lucidum ;  n,  part  of  a 
]il«'xii>  of  nervt'-filK.Ts  in  thi>  Muperflciariayer  of  the  cutis  vera.  From  this  plexus  fine  varicose 
n«  rv('-tibrilN  niuy  Ih>  traced  passing  up  between  the  epithelium-cells  of  the  Malpighiaa  layer. 
lS«  iiAKKKK  after  Ranvier.j 
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Fig.  207. 


Section  acroKM  tho  nail  and  nail-be<L  (100  diameters.)  P,  ridges  with  blood  vessels  ; 
retc  mucoMum  ;  .V,  nail.    (Sciiakfkr  alter  Hritzmaxn.) 


Fl«.  208. 


T)u<  t  of  a  -wfat-pljind  i«issiuK  through  till' cpidcrniis,  ( Maguitiod  2iK)  diamoters.^  ^P,  papilla? 
with  blood  vcssi'ls  injt'cti'<l  ;  \\  n  to  nuicosuin  Iwtw^'cn  the  puiullsc  ;  stratum  corneum  ;  PL 
iitratiini  gramilosum  ;  ]>,  sweat-duct,  oin-ning  on  the  .surfaco  at  p.    (Schakfkr  after  Hkitz- 

MANN. ) 
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6.  The  EpidermiB. 

L  The  epiblast  may  be  represented  by  the  cuticle  of  the  skin, 
by  the  imbricated  scales  which  compose  a  hair,  by  the  active  cells 
of  the  cutaneous  glands,  by  the  enamel  of  the  teeth,  or  by  the 
delicate  cuticle  which  covers  the  cornea  or  the  tympanic  mem- 
brane.   (See  Fig.  204,  a,  6,  r,  d.) 

The  epiblast  presents  a  series  of  layers  whose  cells  are  gen- 
erated by  karyokinesis  at  the  surface  of  the  eorium  from  the 

Fig.  209. 


tit 


Ilair-follide  in  longitudinal  ttection. 
<j,  mouth  of  follii'lv :  neck  ;  r,  bulb ;  J, 
r,  (loriuic  ("oat ;  /,  outor  riM>tHihi>atb  ; 
inntT  nMtt-Hbfath ;  A,  hair ;  k,  lt»  me- 
«lulla  :  hair-knob;  m,  a(lip<MfG  timue  ; 
71,  liuir  muscle ;  o,  papilla  of  skin ;  />, 
papilla  (»f  hair:  rete  muconum,  con- 
tinuous with  outer  nMit-iiheath :  ep, 
horny    layer ;    /,    aebaceuun  glaDd. 

tS<  IIAKKKK  after  1Uf<SIAI>KKKI.) 


FlO.  210. 


B  A 
m   f  e 


IMooe  of  human  hair.  ( Magniftc  d  )  A, 
Heen  from  the  nurface :  B,  iu  <iptical  we- 
tion.  r.  cuticle:  /,  flbnHia  aubatance: 
m,  medulla,  the  air  baring  been  expelled 
by  I'anada  baliMim.  (Hi'iiABrEB.) 


coluiniiar  or  cuboidal  cells  of  the  stratum  malpighii  (Fig.  206). 
The  coii.staut  formation  of  new  cells  at  this  level  pushes  out  the 
oldtT  cells  whirh  through  loss  of  water  and  through  other  phys- 
ical and  inohibolic  changes  die,  and  become  insensible,  horny 
scales.  The  particular  form  and  aggregation  of  these  homy 
28 
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scales  differ  much  in  different  locations.  On  the  general  cutane- 
ous surface  they  are  simple  dry  scales  which  are  constantly  shed  • 
on  the  hair  (Figs.  209  and  210),  teeth,  or  nails  (Fig.  207),  there  is 
an  accumulation  which  takes  a  distinctive  form  and  which  serves 
as  an  organ  of  protection,  defence  or  offense,  and  is  only  period- 
ically shed  or  is  worn  off  to  keep  pace  with  growth  (or  conversely). 
In  the  case  of  man  the  hair  and  nails  are  usually  artificially  cared 
for,  the  occupation  of  man  not  usually  wearing  the  growth  away 
fast  enough. 


Fio.  211. 


2.  THE  GLANDS  OF  THE  DERMAL  SYSTEM. 

a.  Protective  Glands. 

a.  The  Sebaceous  Glands  are  present  over  the  whole  surface 
of  the  body  except  the  soles  of  the  feet,  the  palms  of  the  hands, 
the  dorsal  surface  of  the  third  phalanges  (see  Fig.  211).  The 
ducts  of  the  glands  open  at  the  roots  of 
the  hairs  on  all  hairy  surfaces,  but  on  the 
lips,  the  prepuce  and  the  corona  of  the 
ghms  penis  the  ducts  open  free  upon  the 
surface.  The  secretion  of  the  sebaceous 
glands  is  called  sebum. 

Specialized  forms  of  the  sebaceous 
glands  are  :  (i)  Preputial  glandHy  whose 
secretion — the  smegma  prepuf ii— differs^ 
from  sebum  in  containing  substances 
which  give  it  a  characteristic  odor.  Musk 
is  from  the  preputial  gland  of  the  musk 
deer,  (ii)  Anal  gUmfh,  which  are  only 
slightly  modified  in  the  human  subject 
may  be  strongly  modified  in  other  mam- 
malia. In  the  otter,  hyena,  and  civet 
the  anal  glands  secrete  a  modified  sebum 
which  serves  for  sexual  attraction.  In 
the  skunk  the  secretion  serves  for  defense., 
(ill)  The  inelhomldn  glands  are  slightly 
modified  sebaceous-glands  which  open 
upon  the  edge  of  the  eyelid  ;  the  oily  sur- 
face thus  produced  prevents  the  overflow 
of  tears,  (iv)  The  (Vopi/gial  Glands  of 
many  birds  is  a  specialized  sebaceous  gland.  The  oil  which  it 
secretes  is  spread  upon  the  feathers  by  the  bird  and  serves  to  pro- 
tect the  featiier-coat  against  absor})tion  of  water,  (v)  The  TMch- 
I'ifmal  (fhmd  whose  secretion  keeps  the  delicate  nuieous  membrane 
of  the  conjunctiva  moist  and  freed  from  dust,  belongs  to  the 
dermal  system,  and  to  the  protective  glands  of  that  system,  though 


Section  of  portion  of  sebaceous 
plaud  from  liuinan  scalp,  includ- 
ing part  of  acinus  :  a,  nienibrana 
propria  ;  b,  oeriplKTal  layer  of 
cuboidal  cells  ;  r,  clciut'iils  in 
which  fatty  metaniorohosis  is 
Ix'ginning  ;'  </,  cells  filled  with 
fatty  particles  and  exhibiting 
marked  intra-cclluUir  net- 
works;   e,   nuclei   of  cells. 

(PlKRSOL.) 
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morphologically  they  are  more  closely  related  to  the  salivary 
glands. 

b.  Secretory  Glands. 

The  mammary  glands,  unquestionably  dermal  glands,  may  have 
been  derived  phylogenetically  from  sweat  glands.  The  secretion 
formed  and  the  method  of  its  formation  makes  the  lactiferous 
glands  clearly  analogous  (if  not  homologous)  to  the  sebaceous 
glands.  (See  LfU'tation  under  Reproduction,)  Pigeons  possess 
lactiferous  glands  which  are  clearly  sebaceous  glands  and  are 
tributary  to  the  crop.  This  "  pigeon  milk''  contains  fat,  a 
protoid  clotting  with  rennet,  globulin,  salts,  and  water, 

c.  Excretory  Qlands. 

The  sweat  glands  (Fig.  211).    See  Cutaneous  Excretion. 

THE  PHYSIOLOGY  OF  THE  DERIIAL  SYSTEM. 

1.  PROTECTION. 

The  skin,  lx?ing  the  organ  of  external  relations,  must  necessarily 
stand  betwwn  the  general  organism  and  its  environment. 

a.  The  Nerves  of  the  Skin. 

The  skin  is  provided  with  sensory  nerve-ends  ;  this  lends  to 
protection  in  putting  the  animal  on  guard  against  various  dangers. 
Some  of  these  sensory  areas  are  highly  specialized,  e,  r/.,  the  cornea 
and  lens,  admitting  light  to  the  retina  ;  the  taste  buds, — facilitat- 
ing the  access  of  solutions  to  the  gustatory  nerves ;  the  moist 
nasal  cpiblast  facilitating  the  influence  of  odors  upon  the  olfactory 
nerves. 

h.  Dermal  Protective  Structures. 

The  skin  is  provided  with  various  structures  for  special  protec- 
t'um  against  mechanical  injury,  e,  //.,  the  nails  protect  the  finger- 
tips and  toe-tips  ;  hair  protects  the  organism  against  mechanical 
injury, — witness  its  cultivation  for  that  pur}>ose  by  football 
players, — it  serves  a  more  im|M)rtant  office,  however,  in  protection 
again  cold.  In  this  connection  may  be  mentioned  the  further  pro- 
tcotion  of  the  eye  by  the  lids  whose  periodical  winking  during 
working  hoin-s  and  continued  closing  during  sleeping  hours  serve  • 
to  ])rotect  the  eye  against  dust  and  drying.  The  eyelashes  pro- 
t<*<  t  the  eye  agiiinst  bits  of  solid  matter  that  might  otherwise 
strike  the  eye.  The  brows  shed  off  the  perspiration.  All  of  these 
protective  structures  are  dermal.  The  teeth  are,  however,  more 
<listin<  tly  prehensile  and  offensive  than  defensive  ;  though  the  der- 
mal teeth  of  sharks  are  defensive  and  protective  and  the  oral  teeth 


436 


PHYSIOLOGY  OF  THE  DERMAL  SYSTEM. 


are  the  homologues  of  the  dermal  teeth.  (See  Digestion, — intro- 
duction, comparative.) 

e.  The  Sebaceous  Glands. 

The  skin  is  provided  with  oil  glands  or  sebaceous  glands  whose 
function  is  to  secrete  oil  for  the  hair  and  cuticle,  keeping  both  soft 
and  pliable  and  esi>ecially  non-absorbent.  As  indicated  in  the 
introduction  the  oil  glands  may  take  various  specialized  forms  as 
for  offense,  defense,  or  sexual  attraction.  The  chemical  composi- 
tion of  the  sebum  is  not  very  well  known,  because  the  normal 
cutaneous  secretion  is  not  formed  in  sufficient  quantity  for  analysis. 
The  cheesy  contents  of  a  distended  sebaceous  cyst  consist  of  water 
31.7  per  cent.,  epithelium  and  nucleo-albumin  (casein)  61.7  per 
cent.,  fat  4.2  per  cent.,  fatty  acids  1.2  per  cent.,  salts  1.2  per 
cent.  In  the  typical  secretion  the  proportion  of  fat  and  fatty  acids 
is  probably  much  greater  and  that  of  epithelium  and  nucleo-albu- 
min *  much  smaller.  The  fat  consists  of  a  mixture  of  glycerine 
fafji,  with  whose  composition  the  reader  is  familiar,  and  of  cholesfe- 
rill  faU,  Cholesterin  is  a  monatomic  alcohol  having  the  formula 
O  H,pH.  C^holesterin  fat  of  palmitic  acid  is  CH3— (CH — 
CX^KJ-Cj^H^,^.  The  fittiij  aclda  consist,  according  to  Schmidt,  of 
butyric,  valeric,  and  caproic  acids.  It  is  to  the  fatty  acids  that 
secretion  owes  its  distinctive  odor.  Free  cholcHierin  and  isocho- 
lesterin  are  present. 

Two  especially  interesting  facts  regarding  the  sebum  are  :  First ; 
the  rhoMerh)  fats  /vv</V  put  refaction,  i.  e.y  they  resist  the  use  of  the 
skin  as  a  culture  field  for  bacteria.  Second,  the  homology  of  the 
mammary  glands  with  the  sebaceous  glands  receives  an  extra 
element  of  probability  in  the  fact  that  the  nuc/eo-alhumin  of  the 
Hchum  /.s  casein, 

2.  THERMOLYSIS. 

Tiic  eoniinon  cutaneous  surface,  with  its  vascular  cutis  vera  and 
its  sweat  glands,  forms  the  on/au  of  Therinolysix.  Just  how  the 
skin  governs  the  rate  of  heat  elimination  is  discussed  in  full  under 
Aninuil  1 1  eat. 

W.  EXCRETION. 

Thinl  in  importance  anionji:  the  functions  of  the  skin  is  excre- 
tion. Ilen^  is  an  instance  where  an  excretion  performs  an  im- 
portant ofHce  incident  to  its  final  exit  from  the  body.  Every 
gramme  of  water  which  evaporates  on  the  surface  of  the  skin 
<'Iiminates  r)S2  calories  of  heat,  ov  takes  that  nineh  away  from  the 
body. 

'  Tlu»  identity  of  tlu*  nucK'o-albuinin  with  casein  is  (|iu'stiuned  by  Weymouth 
Kt'id,  hut  is  not  (jUt'stiontM!  hy  Halliburtt>n  and  others. 
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It  is  evident  that  Excretion  and  Thermal ynis  are  intimately  asso- 
ciated. The  greater  the  occasion  for  free  evaporation  of  water  in- 
cident to  thermolysis,  the  greater  the  excretion  of  water  by  the 
skin.  But  if  there  is  a  given  amount  of  water  to  be  eliminated 
from  the  system,  it  is  evident  that  the  other  water-eliminating 
organs  must  give  off  correspondingly  less  water.  Such  is  the 
case ;  after  profuse  perspiration  the  urine  is  less  voluminous  and 
more  highly  colored.  Conversely,  a  marked  decrease  of  i)erspi- 
mtion  will  be  occasion  for  a  marked  increase  of  the  volume  of 
urine,  which  will  be  more  watery.  Not  only  is  there  a  reci- 
proriti/y  there  is  also  a  vicarious  relation  between  skin  and  kid- 
neys. When  one  is  disabled  the  other  [performs  as  much  as  pos- 
sible of  the  function  of  the  disabled  organ. 

4  BESPIBATION. 

In  many  of  the  lower  animals,  particularly  in  amphibia,  the 
skin  is  an  important  organ  of  respiration.  The  moisture  of  its 
surface  facilitates  the  exchange  of  gases  by  diffusion  in  these 
animals. 

In  the  higher  vertebrates  respiration  is  an  unimportant  func- 
tion of  the  skin. 


CHAPTER  X. 


SENSATION.  INTRODUCTION. 

A.   GENERAL  SENSATION. 

1.  SUBJECTIVE. 

2.  SUBJECTIVE-OBJECTIVE. 

Common  Sensation. 

(a)  Hunger. 

(b)  Thirst. 

(c)  Suffocation. 
(</)  Fatigue, 
{e)  Pain. 

if)  Shivering. 

{g)  Tickling. 

(A)  Sexual  Sensation. 

3.  OBJECTIVE. 

I.  The  Tactile  or  Pressure  Sense. 

II.  The  Posture  Sense. 

(«)  Sense  of  Equilibrium. 
(6)  Muscular  Sense. 

III.  The  Temperature  Sense. 

B.   SPECIAL  SENSATION  (OBJECTIVE):  THE  SPECIAL  SENSES. 

IV.  Smell. 
V.  Taste. 

VI.  Hearing. 
VII.  Sight. 

SENSATION. 
INTRODUCTION. 

Every  animal  organism  is  provided  with  organs  which  make 
the  cerebral  sensory  centers  cognizant  of  certain  conditions  and 
changes  of  the  environment.  In  other  words,  certain  conditions 
of  the  environment  act  as  stimnli  to  more  or  less  specialized  periph- 
eral (H-gans.  Tlie  elleet  of  a  stimulns  is  transmitted  along  an 
afferent  nerve  to  the  brain,  where  it  so  affects  the  cerebral  centers 
as  to  eanse  a  eon>eionsness  of  the  stimnlns, — n  smsftfion.  Through 
intereentral  action  betwe<»n  the  sensory  centers  and  the  higher 
cerebral  centers  the  animal  sums  up  tlie  sensations  received  from 
an  ol))eet  niidving  a  com|)lete  conscious  prrn'j*flo)i.  An  interpreta- 
tion of  |>ereeptions  producing  not  only  a  mental  ])ieture  of  an  ob- 
ject and  its  properties,  but  giving  tlie  animal  an  idea  of  the  relation 
of  the  object  under  consideration  t(>  other  objects,  is  called  a 
ronrrj/floii. 
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Note  that  a  conscious  sensation  involves  attention  ;  that  percep- 
tion involves  viemory ;  and  that  conception  involves  reason.  The 
-clearness  of  the  sensation,  perception  and  conception  is  propor- 
tional to  the  attention,  memory  and  reasoning  involved  in  them. 
Sensation  furnishes  pabulum  for  all  higher  forms  of  mental 
activity. 

The  ectoderm  is  the  embryonic  layer  which  gives  rise  to  the 
j)eripheral  organs  of  sensation  as  well  as  to  the  sensorium.  The 
specialized  epithelium  of  the  senses-organs  is  from  the  epiblastic 
division  of  the  ectoderm,  while  the  sensorium  is  from  the  neuro- 
blastic  division  of  that  layer. 

It  will  be  profitable  at  this  point  to  express  in  tabulated  form 
the  relations  between  the  specific  stimuli  of  the  environment,  the 
more  or  less  s{)ecialized  peripheral  sense-organs  which  receive  the 
stimuli  and  the  sjxjcial  sensations  aroused  in  the  sensorium. 
(Table  :  See  next  page.) 

Note  that  there  is  a  departure  from  the  time-honored  classifica- 
tion of  the  senses  as :  "  Five :  Feeling,  taste,  smell,  hearing  and 
seeing.''  The  first  one  of  these  has,  under  careful  investigation, 
been  resolve<l  into  several  distinct  senses,  oine  classification  of 
which  is  given  in  the  table. 

Sensory  nerve-endings  may  be  classified,  on  the  basis  of  struc- 
ture, into  specialized  and  non-specialized.  The  specialized  ner\^e- 
endings,  those  enumerated  in  the  table,  below  the  dash, — are  those 
which  seem  to  be  especially  adapted  structurally  for  response  to 
particular  stimuli.  For  example,  the  structure  of  the  retina,  ex- 
eetnlingly  complex  and  highly  specialized,  seems  to  be  especially 
adapted  to  receive  the  light,  while  the  organ  of  Corti,  just  as  com- 
plex, seems  to  be  especially  adapted  to  receive  sound.  Moreover, 
the  retina  is  sensitive  to  light  only  of  all  the  stimuli  of  the  en- 
vironment, or  if  there  is  a  response  to  any  other  kind  of  energy 
it  always  affects  the  sensorium  as  light.  In  the  same  way  sound 
alone  of  all  the  stimuli  of  the  environment  affects  the  organ  of 
Corti.  Anotlier  structural  distinction  is  found  in  the  fact  that 
the  specialized  nerve-endings  are  all  located  in  particular  organs 
also  especially  adapted  to  receive  the  sjiecial  stimulus;  for  ex- 
ample, the  refractive  media  of  the  eye  focus  the  light  upcm  the 
retina,  and  the  muscles  of  the  eye  direct  the  organ  toward  the 
source  of  light.  The  non-specialized  nerve-endings  are  more  or 
less  widely  distributed  over  the  surface  of  the  skin  and  mucous 
membranes.  Thev  are  not  located  in  specialized  organs  and  are 
not  evi(h»ntly  adapted  to  receive  special  stimuli.  It  may  be  that 
the  tactile  cells  and  corpuscles"  are  the  end-organs  of /mic/j  ami 
nnisrii/ffr  .smsc^  jind  it  may  be  that  the  filamentous  endings  or  the 
en<l-l)ull)s  arv  the  end-organs  of  the  tenijwrature  sense ;  l)ut  these 
distinctions,  if  they  exist,  remain  yet  to  be  demonstnited. 
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Sensations  may  be  classified  into  three  categories  on  the  basis  of 
the  source  of  the  stimulus  : 

1.  Sensations  which  are  the  immediate  result  of  the  reaction  of 
the  organism  to  the  conditions  of  the  environment :  Pressure 
sense,  posture  sense,  temperature  sense,  smell,  taste,  hearing,  vis- 
ion. Because  these  sensations  are  caused  by  objects  wholly  out- 
side of  the  organism  they  are  called  Ohjective  Sctisafiotis, 

2.  Sensations  in  which  the  immediate  source  of  the  stimulus 
is  within  the  organisms,  though  the  ultimate  source  is  in  the  en- 
vironment. An  example  of  this  class  of  sensations  is  hanger. 
Something  within  the  organism  produces  a  conscious  call  for  nour- 
ishment. This  may  be  so  urgent  as  to  occasion  considerable 
discomfort,  merging  into  actual  pain  if  not  sjitisfied.  The  ulti- 
mate cause  of  hunger  is  in  the  environment,  but  the  stimulus  can- 
not be  classified  with  the  genend  or  special  stimuli  enumerated  in 
the  accompanying  table.  Tliirst  and  iir(trine8.s  also  belong  clearly 
to  this  class  of  sensations.  Pffin  and  scxuaf  Hcnmdon  may  l)eIong 
to  this  class  or  to  the  preceding.  In  these  two  sensations  the 
stimulus  may  be  mechanical  and  may  be  traced  more  or  less  im- 
mediately to  the  environment.  This  class  of  sensations  may,  for 
want  of  a  more  concise  term,  be  called  Objccfice'Suhjective  Hcnm- 

*l.  Sensations  which  accompany  dreams,  hypnosis,  hysteria,  and 
various  states  of  the  central  nervous  system  and  which  merge 
from  the  |)erfectly  normal  into  the  pathological.  These  sensa- 
tions are  just  as  real  to  the  subject  as  are  the  objective  sensations, 
but  an  observer  traces  no  connection  to  an  external  stimulus. 
This  class  of  sensations  are  called  Suhjerfice  Senmfions,  They 
partake  of  the  nature  of  a  memor}'  of  previous  sensations,  but 
they  are  more  than  that.  A  subjective  sensation  is  an  actual  re- 
cjcpcrinir'nuj  of  (i  former  nvtu'^diion. 

THE  niYSIOLOGY  OF  SENSATION. 
A.   GENERAL  SENSATIONS. 

Tiie  term  general  sensations  is  used  to  include  a  class  of  sen- 
sjitions  excluded  by  the  well-defined  npaudl  Hcmen^  /.  f.,  the  gen- 
eral senses  are  those  with  no  si)ecialized  peripheral  organs. 

1.  SUBJECTIVE  GENERAL  SENSATIONS. 

This  class  of  sensations  has  been  sufficiently  discussed  above. 

i.  OBJECTIVE-SUBJECTIVE  SENSATIONS. 

For  the  definition  of  this  class  see  the  Introduction. 
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a.  Hunger.   6.  Thirst,   c.  Suffocation. 

These  throe  sensations  are  Nature's  admonitions  to  supply  the 
organism  with  solid,  liquid  or  gaseous  nourishment.  The  greater 
the  urgency  for  satisfaction  of  the  need  the  greater  the  discomfort 
when  it  is  not  satisfied.  The  animal  organism  can  live  only  a 
short  time  without  oxygen.  When  the  supply  of  oxygen  is  cut 
off  the  sensation  of  suffocation  begins  within  a  few  seconds  and 
increases  rapidly  in  intensity,  passing  very  soon  into  a  paroxysm 
of  the  most  agonizing  pain  ending  in  convulsions  and  death  if  the 
need  is  not  supplied. 

Next  to  oxygen  in  urgency  is  the  need  for  water.  If  there  is 
little  perspiration  the  thirst  may  be  mild  for  24  hours.  As  soon 
as  the  sensation  of  thirst  becomes  thoroughly  fixed  upon  the  con- 
sciousness of  the  animal  nothing  can  dislodge  it.  The  discomfort 
becomes  more  and  more  intense  until  death  supervenes. 

The  animal  organism  can  do  without  food  for  many  weeks  if  all 
activity  can  cease.  Bears  hibernate  for  several  months.  Indians 
accustom  themselves  to  48-  and  72-hour  fasts  in  order  to  be  able 
to  endure  without  much  discomfort  the  exigencies  of  war  and  the 
chase.  To  those  who  are  accustomed  to  three  regular  meals  each 
day  the  missing  of  one  meal  is  likely  to  cause  considerable  discom- 
fort, but  the  feeling  is  one  of  emptiness  rather  than  of  real  hunger. 
If  one  fill  the  stomach  with  water  the  discomfort  soon  disap- 
pears and  real  hunger  begins  to  appear  in  a  variable  time  after- 
wards. Hunger  and  thirst  are  in  the  healthy  individual  infal- 
lible signs  of  the  needs  of  the  organism.  These  senses  may, 
however,  become  perverted,  or,  at  least,  the  actual  sensation  may  be 
misinterpreted.  For  example,  a  child  with  an  overfilled  stomach 
may  call  lor  nion* — having  misinterpreted  the  vague  feeling  of 
discomfort  in  the  gastric  region  for  hunger. 

(I.  Fatigue,   r.  Pain. 

These  two  sensations  apprise  the  organism  of  over-stimulation. 
Moderate  over-stimulation  is  followed  by  a  feeling  of  fatigue. 
Nature  is  requesting  a  rest.  Excessive  over-stimulation  leads  to 
a  fecliiio;  of  actual  pain.  Xature  is  flciiuDulimj  a  rest.  The  most 
usual  occurrence  of  weariness  is  after  muscular  or  nervous  activity; 
the  most  usual  occurrence  of  pain  is  after  stimulation  of  some  of 
the  })eriphcral  end-organs  by  some  of  the  external  stinuili :  pres- 
sure, tension,  heat,  cold,  chemical  energy,  sound  or  light.  But 
pain  may  be  purely  subjective  sensation,  having  no  apparent  con- 
nection with  objects  outside  of  the  organism  but  arising  from  cer- 
tain c(mditions  in  the  central  nervous  system.  Some  painful 
sensations  maybe  accurately  localized,  while  others  are  localized  in 
a  most  general  way  only.    The  more  acute  the  tactile  sense  of  a 
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part,  the  more  accurate  the  localization  of  pain  in  the  part.  Pain 
is  the  most  general  of  all  sensations.  Some  contend  that  there  is 
a  special  set  of  nerves  to  convey  the  sensation  of  pain  together 
with  certain  other  sensations.  But  the  fact  that  every  sensation 
of  which  the  brain  may  be  conscious  and  every  activity  of  which 
the  organism  is  capable  may  be  accompanied  by  pain,  and  the  fact 
that  abnormal  conditions  of  the  system  may  be  accompanied  by 
pain  makes  it  highly  improbable  that  any  particular  set  of  nerves 
is  to  be  looked  upon  as  pain  nen^es.  Pain  is  distinctly  a  common 
sensation. 

/.  Shivering,  g.  Tickling,   h.  Sexual  Sensation. 

These  sensations  have  certain  features  in  common.  They  all 
begin  in  definite  objective  sensations  and  partake  of  the  nature  of 
aftersennation.  If  the  cold  points  of  a  considerable  area  are 
stimulated  so  that  the  superficial  tissues  l>ecome  chilled  the 
shivering  sensation  is  induced.  Once  started  it  is  likely  to  con- 
tinue some  time  after  the  local  reaction  has  occurred.  Moreover 
the  sensation  frequently  occurs  when  there  is  no  objective  cause ; 
/.  e.y  it  may  have  its  origin  in  the  central  nervous  system.  Tick- 
ling sensation  is  usually  caused  by  a  light  stimulation  of  the  tactile 
nerve-endings,  but  in  many  individuals  the  sensation  may  be 
aroused  by  "  make-believe^'  movements  on  the  part  of  another, 
or  even  an  active  imagination  may  induce  the  sensation.  Tick- 
ling may  have  its  origin  in  the  central  nervous  system.  Sexual 
sensjition  may  be  stimulated  peripherally  by  mechanical  stimuli 
or  centrally.  In  fact,  the  most  effective  stimulus  is  the  central 
one.  If  the  stinuilaticm  l>e  carried  to  the  point  of  the  final,  cul- 
minative  sensation  (orgasm)  this  is  to  be  looked  upon  as  the  in- 
ill  red  (fffcr-.scnsdfioii  and  not  the  (UreH  objective  nemation,  and  it  is 
the  indirect  after-sensation  which  belongs  to  the  category  of  the 
heading. 

\\.  OBJECTIVE  GENERAL  SENSATION. 

Preliminary  to  a  discussion  of  the  general  sensations  of  the 
periphery  one  may  profitably  review  the  structure  of  the  sensor}^ 
nerve  endings.  These  endings  may  be  classified  as  non-specialized 
and  s|)eeialized.  The  noH-f<j)eci<ilize<l  arc  called  filammtouH  and  are 
distributed  to  the  skin,  cornea  and  mucous  membranes  (see  Fig. 
"1 1 2).  The  Hpeeidlized  nensory  nerve  emVingH  represent  three  genera  : 
taetile  cells,  tactile  corpuscles,  and  end-bulbs.  Figures  213  and 
21  1  rv\)rL'>vnt  simple  and  compound  iadilecellH,  The  simple  tactile 
cells  differ  from  the  filamentous  endings  in  having  a  discoidal 
termination  associated  with  a  slightly  modified  epithelial  cell. 
The  eonipound  tactile  cell  lies  within  the  epidermis  of  the  mam- 
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malian  or  avian  skin.  Note  the  discs  and  the  two  or  three  cells 
enclosed  in  a  sheath. 

The  hu^ilf  corpuscles  are  located  in  the  corium  of  skin  and 
mucous  membrane.    The  spherical  end-bulbs,  shown  in  Fig.  215- 

Fig.  212. 


lutra-epithclial  ncrve-terniination  in  the  anterior  epithelium  of  the  cornea,  as  seen  in  an^ 
oblique  section,  a,  an  axis  cylinder ;  b,  sub-epithelial  nerve-fibril Ise ;  c,  intra-epitbeliol  net- 
work ;  f/,  epithelial  eel  Is.  (Klein.) 

are  found  in  the  conjunctiva  and  other  mucous  membranes  of  man. 
The  genital  corpmclcH  (Fig.  216)  are  found  upon  the  glans  penis, 
the  glans  clitoris  and  other  associated  surfaces  in  mammals  ia 


Fig.  213. 


Fig.  214. 


SiK-Tial  n<'rv<M  iMliii>rs  within  tin*  epider- 
mis ;  p»Ul  preparation  :  N,  iierve-tiber  en- 
tering? the  epithelium  and  dividing'  into  the 
fibrils  whieh  are  eonneetcd  with  the  tac- 
tile disks  (/;<);  upon  these  latter  re^t  the 
tactile  cells,  c.    (riKitsoi.  after  Kanvikh.) 


<'onii>ound  tactile  cells  from  theduck's  tongue. 
I  Izgi'iERi>o. )  A.  composed  of  three  cells,  with 
tw(»  interposed  disks,  int«»  which  the  axis-cylin- 
der of  the  nerve,  h,  is  (»l>served  to  pass;  in  B 
there  is  hut  one  tactile  disk  inclosed  between 
two  tactile  cells.    tS  iiAKi  KR. ) 


general.  The  tadUv  rorj/usrles  of  Meis*snor  arc  located  as  shown  in 
Fig.  217,  in  papilho  of  the  corium  upon  the  palms  of  the  hands^ 
the  soles  of  tlio  feet  and  upon  the  volar  surfaces  of  fingers  and 
toes  in  man.    The  complex  internal  structure  of  these  bodies  is- 
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shown  ill  Fig,  218*  There  can  be  little  doubt  \\m\  tbm*  i?iieeifil- 
VA^l  Hen?^»ry  iierv^e  endings  are  the  orgjiiisi  of  toiieli,  it*  it  is  ad- 


if 


Fm.  216. 


ciiiiiiiftrtiviil  am  COM*  mi'inKrwiiK  ■  n,  the 
w  II U  til  tlie  €u  J  w  u  h\    { A  ( kr  K  H  A  ti  &  BL  J 


thU   Htjn  ■ 


>  ilin  biiniHii  f'lilurb  ; 
1 5^- Ilk".    i  S*  UA  i.! 


mksible  tu  eall  them  organs.  Of  the  sevemi  sjjeciefi  of  end-bulbs 
otdy  one  will  l*e  giveii,^ — The  Pfu^uuait  huhj  (Fig,  21  f>).  The^je 


wutt  imillii  cortrti*  So,  f.  The 
log  U|<  til  It;  /,/,  iictHiittM  I  if 

gtmeturee  are  %vitlely  distributiHl  in  inaitirtmk*  Thev  iKiciir  in 
siib-eutiUK*tius  tiartiie  iihmg  the  nervea  supplyinij  the  skhi,  e.speeially 
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of  the  hands  and  feet,  the  external  genitalia,  the  joints  of  the 
extremities,  periosteum  of  certain  bones,  the  peritoneum. 

The  various  structures  just  described  receive  at  the  periphery- 
various  sensations.  The  fact  that  the  tactile  corpuscles  of  Meissner 
are  most  numerous  in  those  locations  where  the  tactile  sense  is 
most  acute  justifies  the  conclusion  that  these  structures  represent 
j>eripheral  receptive  tissues  for  mechanical  stimuli ;  but  does  not 


Fig.  218.  Fig.  219. 


are  re])re»ont('(l.    The  nuclei  of  tcry  of  the  cat.    a,  the  uiedullated  uerve- 

those  cells  arc  lu  the  broadtjr  i>eri-  tiber;  b,  the  coucentric  caiwules.  (Klein.  ) 

iiheral  iM>rtion  of  the  cytoplasm  ; 
/>,  ncrve-dendrite  coiled* ulxuit  the 
enithelial  cells  ;  uerve-l'iber. 
(liOiiM  and  l)AVii>OKK. ) 


justify  the  conclusion  that  none  of  the  other  sensory  nerve  endings 
respond  also  to  various  mechanical  stiuuili.  It  is  probable  that 
some  of  the  endings  described  respond  to  mechanical  stimuli  and 
S(»me  to  thermal.  The  mechanical  stinudi  may  be  further  sub- 
divided, some  of  them  in  the  form  of  pressure  affect  the  cutaneous 
and  articular  surfaces,  while  others  in  the  form  of  varying  tension 
affect  the  tendons  and  muscles.  The  varying  tension  of  the  tissue 
may  aflfect  the  nerve-endings  as  varying  pressures,  however. 
Furtiier,  tlu*  thermal  stimuli  are  to  be  subdivided  :  bodies  lower 
in  temperature  tiian  the  skin  stimulate  certain  nerve  endings, 
while  bodies  of  higiier  temj)erature  stimulate  other  nerve  endings. 
AVhether  these  nerve-endings  differ  from  each  other  structurally 
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as  well  as  functionally  or  differ  only  functionally  is  unknowTi. 
In  short  the  sensations  classified  in  the  above  table  are  the  result 
of  the  stimulation  of  some  one  or  more  of  the  sensory  nerve- 
endings  enumerated  in  the  opposite  brace  ;  this  is  all  that  can  be 
said  with  certainty  at  present. 

I.  THE  TACTILE  SENSE:  THE  SENSE  OF  TOUCH. 

In  man  this  sense  is  most  acute  in  the  finger  tips,  the  lips,  and 
the  tongue.  In  quadrui)eds  the  sense  is  most  acute  in  the  lips, 
tongue  or  proboscis.  This  sense  alone  brings  to  one  only  an  idea 
of  the  state  of  the  substance — whether  it  is  solid,  liquid  or  gaseous  ; 
of  the  surface  of  a  solid — whether  it  is  smooth  or  rough,  and  if 
the  latter  the  particular  character  of  the  roughness  ;  whether  it  is 
oily  or  sticky,  or  whether  it  is  bounded  by  curved  surfaces  or  by 
planes,  edges,  or  angles,  or  a  combination  of  these  features.  The 
character  of  a  liquid  may  be  determined,  whether  it  is  light, 
limpid  like  water,  or  heavy  like  mercury,  or  whether  it  is  gel- 
atinous, viscous,  slimy  or  oily.  The  only  character  of  a  gas  that 
appeals  to  the  tactile  mechanism  is  the  negative  one  that  it  affords 
no  resistance  to  the  movements  of  hands  or  fingers.  The  sum  of 
the  knowledge  which  may  be  derived  through  touch  alone  is 
greater  than  that  which  may  be  derived  through  any  other  one 
sense.  Experience  derived  from  both  touch  and  sight  will  enable 
one  to  hifer  from  lights  and  shades  and  lusters  what  touch  would 
definitely  reveal.  One  instinctively  verifies  these  inferences  by 
touching  the  object  with  the  fingers.  The  tactile  sense  is  used  in 
two  different  ways :  first,  to  announce  to  the  central  nervous  sys- 
tem when  some  resistant  object  touches  the  surface  of  the  body  ; 
second,  to  investigate  the  properties  of  certain  objects  of  the 
envinmment.  In  the  first  the  organism  is  passive,  in  the  second 
it  is  active.  The  first  is  a  means  of  protection,  the  second  a  means 
of  adding  to  one's  knowleilge.  A  similar  classification  of  function 
may  Ix'  made  for  all  of  the  objective  sensations.  In  serving  the 
first  one  of  these  puqwses  the  tactile  mechanism  must  he  able  to 
differentiate  stimulation  of  different  portions  of  the  periphery.  It 
is  not  enough  to  know  that  some  sharp  point  is  touching  the  sur- 
face of  the  body,  but  to  avoid  injury  it  is  important  to  know  just 
where  the  jM)int  is.  This  is  accomplished  by  what  is  called  the 
jftnnr  of  hmilization.  Through  this  power  the  central  nervous 
system  is  conscious,  e.  7.,  that  in  a  jwirticular  location  a  sharp 
l)oint  is  touching  the  periphery.  This  knowledge  enables  the 
organism  to  protect  itself  from  unnecessary  injury.  The  tactile 
mechanism  is  also  endowed  with  the  j)oicer  to  estimate  presmire. 
Those  |>orti(ms  of  the  skin  most  acute  in  their  tactile  sensibility 
are,  at  the  same  time,  most  acute  in  their  power  of  localization, 
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but  not  in  their  power  to  estimate  pressure.  This  has  led  to  two 
methods  of  testing  the  tactile  sense :  one  to  measure  the  power  to 
estimate  pressure,  and  the  other,  the  power  of  localization. 

To  test  the  pressure  sensibility  one  places  upon  a  certain  cii- 
ticular  area  a  series  of  weights  of  exactly  the  same  surface  of  con- 
tact and  approximately  the  same  temperature.  Such  experiments 
have  revealed  the  facts  that  the  parts  most  sensitive  to  pressure 
are  the  forehead,  the  temples,  the  back  of  the  hand  and  the  flexor 
surface  of  the  forearm.  In  these  localities  2  mgm.  can  be  felt, 
while  the  finger  tips  can  not  feel  a  weight  of  less  than  5  to  1 5  mgm. 

Regarding  the  power  to  differentiate  increments  in  the  weights 
used  as  stimuli  it  may  be  said  that :  the  greater  the  inital  fstiirmlus 
the  gretder  the  increment  mvst  be  in  order  to  be  discernible.  This  is 
the  basis  for  Weber's  law  :  "  The  amount  of  fttimulus  necessary  to 
provoke  a  perceptible  increase  of  sensation  always  bears  the  sanie 
ratio  to  the  amount  of  stimulus  already  applied "  (cited  by  Sewall 
in  the  American  Text-book  of  Physiology,  p.  836).  Fechner 
studied  this  same  ])r()blem  and  reached  sinn'lar  results  which  he 
formulated  in  his  psycho-physical  law  "  :  ^^The  intensity  of  sensa- 
tion varies  uuth  the  Uxjarithm  of  tlie  stimuhix,^^  That  is,  if  a  series 
of  stimuli  represent  the  intensities:  10:100:1000:10000,  the  sen- 
sations would  represent  the  intensities  1:2:3:4.  These  laws  hold 
in  the  main  for  medium  stimulation  ;  for  very  light  or  very  strong 
stimulation  they  do  not  hold,  the  sensation  being  more  acute  for 
moderate  stimuli.  Another  law  of  AVeber  (Hermann^ s  HandbncJi 
der  Physiologie,  Bd.  III.,  2,  S.  33(>)  may  be  thus  formulated  : 
two  eipial  weights  hare  different  areas  of  contttet  the  one  that  touches 
the  larger  surfaee  feels  the  heavier. 

The  Power  of  L'xrdivifion  is  tested  by  use  of  the  nest hesiome tor 
which  is  similar  to  a  pair  of  dividers  or  draftsman's  compass.  In 
usin^  tlie  instrument  tlie  jx^nts  are  lightly  touehefl  to  the  surface 
of  the  skin.  Tlie  jxreater  tlie  acuteness  of  tactile  sense,  or  the 
more  acute  the  power  ol' localization  the  nearer  the  i)oints  may  be 
l>rou<]:lit  together  and  yet  be  felt  as  two  ])oints.  Heyond  a  certain 
iiiiniimini  distance  the  ])oints  can  no  longer  be  distinguishiHl  as 
two,  but  feel  like  one  i)oint. 

The  following  table  shows  results  of  tests  which  were  made  to 
determine  whether  all  j)oints  are  (M|ually  sensitive  and  especially 
whetli(*r  syinnietrically  located  points  on  the  same  individual  are 
e(|ually  sensitive. 

Showing  variations  of  symmetrically  located  points  on  the  Siime 
individual.    Frcmi  this  table  one  is  justiHed  in  three  inferences: 

1.  Syinnietrically  located  ]»oints  in  the  human  body  may  not 
|K)ssess  the  same  acuteness  of  tactile  ])erception. 

2.  There  is  a  very  great  variation  in  the  a<'uteness  of  sensation 
in  diflfercnt  parts  of  the  cutaneinis  surface  (►f  the  same  individual. 
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3.  The  more  acute  the  tactile  perception  of  a  part  the  more 
likely  it  is  to  vary  in  acuteness  from  its  laterally  homologous  point. 

Table  I.  of  Tactile  Sensibility. 

Individual  A.        !        Individual  B. 
Point  of  ObMervation.   -  '    


Tip  of  Tongue. 
Palm  of  3d  Phalanx. 

Tip  of  Nose. 

Back  of  2d  Phalanx. 

Buck  of  Hand. 

Forcarnj. 

Sti'rnuni. 

Back. 


Right. 

Left. 

Right. 

Left. 

1.2  mm. 

1.2  mm. 

1.2  mm. 

1.2  mm. 

2.0 

2.5 

2.00 

1.5 

3.75 

3.25 

3.5 

3.5 

5.5 

5.5 

8.0 

8.0 

9.0 

11.0 

9.9 

8.0 

15.0 

20.0 

17.0 

22.0 

24.0 

24.0 

42.0 

42.0 

32.0 

32.0 

42.0 

42.0 

66.0 

66.0 

77.0 

77.0 

Tests  upon  a  number  of  individuals  yielded  the  results  recorded 
in  Table  II.,  showinji:  not  only  the  variations  of  tactile  sensibility 
in  different  parts  of  the  same  individual,  but  also  the  variations  of 
different  individuals. 


Table  II. 

Showing  Decjrees  of  Tactile  Sensibility  of  Cutaneous 
Surface  of  Body. 


Portion  of  the  Body  Tested. 

1.  Tip  of  tongue 
1'.  .Middk'  of  dorsum  of  touKUu. 

Cont^'r  of  hard  palal(>. 
4.  l  udcr  lip  (rt'«l  surface). 

Vy\H'T  lip  (  ) 

Tip  of  Host*. 

7.  Ti|>  <ff  chin. 
^.  (  lu'rU  ovrr  iiialur  Uoik's. 

LoIm'  of  »  ar  (vtMitnil  Mirfaoe). 
l»t.  Nt't  k  .\riitral  surfatt'}. 

11.  Nn  k  (dorsal  siirfatv). 

12.  N«-<  k  (lalrral  MirfattO- 
lit.  I'onh.ad. 
14.   I'iiis  of  tiii^frs. 

!."».  Palmar  «.urfat  o  of  second  phalangeM  of  fingers. 
h\.  I'orsal      *'      "      "  "        '*    "  (transverne) 

17.     "  "      *'      "  "        •*    "  (louKitudinal) 

\>.  Palmar  surfaro  of  hand. 
1'.'.  Thruar  liyfMitlu'nar  fndnenn's. 
2n.  I>orsum  of  hand  (longitudinal). 

21.  I>or««al  Mirfac*' of  fori'arm. 

22.  "  o  upjM'r-arni. 
2:?.  Porsiiin  of  hand  (transvt-rsc). 
24.  I'h'xor  surfart'  forrarm. 
2.'>.  Ph  xor  surfai'f  nppfr-arni. 
2»'..  Uorsiim  of  f.M»t. 

27.  I'li  xor  surface  of  thigh  (transvePH'). 
2.H.  Calfoflrg. 
'1\K  l.alt-ral  dorsal  region. 

sacral  " 
:U.       "     cervical  region. 
;{2.  Mid  sacral  region  (over  .ijjlne). 
•'  dorsal 

"    cervical  "         "  " 
:i.*>.  Flexor  surface  thigh  (longitudinal). 


Man.  Boy  set  13. 

Woman. 

Man. 

mm. 

mm. 

mm. 

mm. 

.7 

1. 

.6 

.8 

1.1 

1.1 

1. 

1.6 

1.6 

4. 

2.3 

2.1 

1.2 

lis 

i.^ 

4. 

2. 

1.2 

6. 

•  6. 

2.8 

5. 

4. 

4. 

6.5 

4.5 

6.7 

«.2 

5.6 

a. 

4.1 

3.1 

5.8 

2.2 

3.7 

1.8 

5.4 

2.2 

3.2 

2.9 

5.4 

5.1 

4.9 

4.3 

5.2 

1. 

1.1 

1.4 

1.1 

2. 

3.8 

lie 

.  5. 

3.2 

3.6 

1.1 

.  7.5 

3. 

6.1 

5. 

3.2 

4.2 

2.3 

2.1 

4.2 

2.2 

5.0 

4.3 

6.5 

ae 

5.7 

4.6 

5.3 

5. 

4.8 

4.7 

5.3 

5.2 

4.7 

2.8 

4.2 

6. 

3.3 

3.2 

4.5 

2.8 

5.8 

4.7 

4.5 

1.7 

12. 

16. 

19. 

24. 

36. 

30. 

34. 

1  1 

23. 

21. 

30. 

'  88.  1 

35. 

37. 

40. 

80. 

28.  ; 

31. 

32. 

,  35. 

32. 

39. 

37. 

1  13.  1 

16.  ! 

13. 

16. 

10. 

13. 

17. 

11. 

1  12.  1 

1 

15. 

10. 

■  64.  ' 

57. 

61. 

69. 

21) 


450 


SENSATJOy. 


Table  II.  juntiiies  the  following  conclusioDS : 

1 .  There  is  very  great  variation  in  the  acateness  of  percep- 
tion in  different  parts  of  the  same  individual. 

2.  There  is  considerable  variation  in  the  acuteness  of  tactile 
pcrc;^5ption  in  different  individuals. 

VV'hen  the  points  determine  a  line  which  is  transverse  to 
the  axis  of  a  limb  they  may  be  distinguished  as  two  at  a  much 
smaller  distance  than  is  the  case  when  the  line  is  parallel  to  the 
axis  of  the  limb. 

4.  The  tactile  sense  is  best  developed  in  persons  whose  senses 
in  genenil  are  well  developed,  for  example,  Mr.  Z,  a  laboring  man 
wjis  a>mpared  with  Miss  X  in  twelve  points  of  observation  and 
she  uniformly  excelled  him.  But  not  in  tactile  sense  alone  did 
MisH  X  ex  cell  Mr.  Z.  Her  sense  perceptions  in  general  were 
more  acute. 

5.  The  further  one  goes  from  the  tips  of  fingers,  toes  or  tongue, 
the  less  acute  is  the  tactile  perception. 

0.  The  least  sensitive  parts  of  the  body  are  those  subject  to 
more  or  l(»ss  constant  pressure,  the  epidermis  is,  in  such  locations, 
V(;ry  tlii(^k. 

7.  The  tactile  sensibility  is  much  more  acute  on  all  flexor  sur- 
faiH'H  than  upon  the  corresponding  extensor  surfiices.  For  evi- 
dence H(ie  Table  III. 


Table  III. 

Ftcjror  Snr/tiecn. 

Extensor  Surfaces, 

Over  I*c»ct()nili8  Major. 

llmbilical  Hc^ion. 

NtH'k  (vriitml). 

A  nn. 

Fomirni. 

Wrist. 

20  mm. 

18 

11 

lo  " 
7  " 
7  " 

4") 
[)  " 

Over  Scapula. 
Dorsal  Region. 
Neck  (dorsal). 
Arm. 
Forearm. 
Wrist. 
Thi^h. 
Leg. 

32  mm. 
53  ** 
15  ** 
17 
11 
9 
53 

15  ** 

25.6 

II. 

THE  POSTURE 

SENSE. 

The  t)rjranisin  is  provided  with  a  niedianism  through  which  it 
is  made*  ooiitiiuially  oouscious  not  only  of  the  general  i)osition  of 
the  ImhIv  in  spaee,  hut  of  the  relative  j)Osition  of  different  parts 
of  the  body.  The  eonseiousness  of  general  jx)sition  in  space  is 
(^alltnl  the  sense  of  e(|uilil>riiun,  the  eonseiousness  of  the  position 
of  different  ]>arts  t>f  the  body  is  insej)aral>le  from  niuseular  sensa- 
tion :  and  is  |)rt>l>ahly  ineitlental  to  it.  These  two  sensations 
togt^ther  give  the  oi^ganisni  a  elear  eonseiousness  of  its  [X)sition  or 
jH^stun^  ;  /.  « givi's  the  Posture  Si^n.^ifitm, 


THE  SENSE  OF  EQUILIBRIUM, 


451 


a.  The  Sense  of  Equilibrium. 

The  maintenance  of  equilibrium  is  of  prime  importance  both 
in  animal  locomotion  and  in  all  positions  of  rest  except  that  of 
absolute  relaxation  in  a  decumbent  position.  The  whole  mech- 
anism of  equilibrium  includes  the  nicely  adjusted  muscular  action 
required  to  hold  head  and  body  poised  upon  the  base  of  support, 
and  it  includes  the  sensation  necessary  to  make  the  central  nervous 
system  cognizant  of  any  disturbance  of  the  ix)ise.  This  sensory 
part  of  the  mechanism  is  the  one  now  under  consideration.  The 
principal  end-organ  of  equilibrium  seems  to  be  the  system  of 
semicircular  canals  connected  with  the  inner  ear.  If  this  were 
tlie  only  end-organ  the  sense  of  equilibrium  might  probably  be 
classed  as  a  special  sense.  But  the  complete  sensation  of  equi- 
librium is  a  combination  of  sensations  from  various  sources  ; 
it  might,  in  fact,  be  called,  rather,  a  perception  of  equUibnum^ 
rather  than  a  simple  sensation.  (See  Introduction.)  The  sen- 
sory nerves  from  the  soles  of  the  feet,  from  the  ischial  skin  when 
sitting,  from  the  muscles  and  tendons,  from  the  articular  surfaces, 
and  from  the  eyes  all  bring  sensations  which  contribute  to  the 
general  sensation  or  perception  of  efjuiiihrium.  If  any  part  of  the 
mechanism  is  disabled  the  equilibrium  is  in  part  impaired.  The 
parts  intact  may  by  especial  activity  cover  the  deficiency  in  the 
mechanism,  but  though  the  equilibrium  may  be  apparently  perfect 
the  sense  of  equilibrium  is  not  perfect. 

In  this  place  we  may  discuss  those  features  of  the  semi-circular 
eanals  which  especially  fit  them  for  end-organs  for  the  perception 
of  the  position  of  the  axis  of  the  body  in  space.    Fig.  220  shows 

Fif;.  220.  Fid.  221. 


L      X  R 


Mtnil«ranoii>  labyrinth.  Th,  Homi-clreular  ca-  1  »lagrammatlo  horixontal  section  thruuffh 
iinl  :  I  ,  iiirii  uhis  ;'  S,  sacruliiM  ;  A.  aqiiciluct  of  the  head  t<»  illiiMtrate  the  plaues occupied  uy 
\«  stilMilc  ;  Cr,  <iii(  tu*<  nMiiiioiis  ;  Co,  ctH'hlca.  the  »eiui-circular  canals.  (Wai.lkr.) 


the  membranous  hibvrinth  with  its  three  amals,  two  saccate  struc- 
tures and  the  cochlea.  Note  :  (i)  That  each  cimal  has  an  en- 
largement near  one  end — the  ampulla  ;  (ii)  That  the  three  canals 
lie  ill  (liiferent  j)lanes. 

Fig.  221  gives  Waller's  diagram  showing  certain  important 
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space  relations^  of  the  canal?;.  Xote  (ni)  That  the  !*nperior  canal 
of  the  ri^ht  .^ide  lies  in  a  plane  parallel  to  that  of  the  posterior 
canal  of  the  left  side,  while  the  left  saperior  plane  is  parallel  to 
the  right  pr«terior  plane,  and  the  two  horizontal  planes  are 
parallel ;  (rv)  That  the  six  planes  represent  the  three  dimensions 
of  space ;  ( v)  That  the  ampallse  of  any  pair  of  parallel  canals  are 
at  opprysite  extremities  of  the  canal, — the  ampalla  of  the 
left  superior  canal  is  opposite  to  ampalla  of  the  right  poste- 
rior canal. 

Fig.  222  shows  the  minnte  structure  of  the  ei-iMa  nciiMiea  of  an 


Ffc.  222. 


iimpulla.  Tlu*  lt»nj::,  <lt'li<*at(^  l)ristl<'s  an*  oj)il>lastic  in  their  origin. 
Notr  (VII)  that  oai'li  sju'riali/nl  cpitlirlial  (vll  is  intimately  con- 
iHH'toil  witli  a  l>ranrh  of  V('s(il)nlar  ihm'vc  (sir  Fij;.  223),  and 
that  tho  hristlos  an»  n^ally  aLrirIntinatc<l  slructuros,  each  formed  of 
M^vrral  iilu-illa*  (siv  Fij;.  22.'>.  /<') ;  ( viii  )  tliat  tlie  s;uvule  and  the 
utrioulo  an'  oarh  proviiltMl  with  a  small  sjuvializiHl  surface  similar 
to  that  of  tho  crista. 


THE  MUSCULAR  SENSE, 


453 


If  the  head  or  the  whole  body  be  rotated  upon  its  antero-pos- 
terror  axis  in  the  direction  from  left  to  right,  the  endo-lymph  of 
the  right  horizontal  canal  will  flow  toward  the  ampulla  of  the 
canal  where  the  pressure  would  increase, 
while  the  endolymph  of  the  left  hori- 
zontal canal  will  flow  away  from  the 
ampulla  of  that  canal,  tending  to  de- 
crease the  pressure.  According  to  the 
hypothesis  of  Crum-Bro^\^l,  fairly  con- 
firmed by  experiment  this  difference  of 
pressure  is  the  efficient  stimulus.  Other 
movements  of  the  head,  or  of  the  body 
as  a  whole,  affect  other  pairs  of  semi- 
circular canals  in  a  way  similar  to  that 
indicated  above. 

Through  this  mechanism  and  its  cen- 
ter in  the  cerel^ellum  the  individual  is 
made  conscious  of  every  position  and 
every  change  of  position  of  the  head  in 
space.  If  in  an  animal  one  of  the  semi- 
circular canals  be  opened,  the  animal 
has  the  sensation  which  accompanies 
fall  of  pressure  in  that  canal,  and  makes 
efforts  to  compensate  it  by  "/orm/ 
movementu^^^  which  really  q^lttv  the  ani- 
mal's IxKly  in  the  direction  opposite  to 
that  in  which  it  feels  it  is  turning.  Such  observations  have 
seemed  to  confirm  the  hypothesis  of  Crum-Brown,  which  is  now 
generally  acce])ted.  I^ee  [Jour,  of  PhynioL^  XYII.,  p.  102)  looks 
upon  the  saccule  and  utricle  as  the  orgjuis  of  sffttic  cfjuiflhrium,  in 
which,  when  the  animal  is  at  rest,  the  weight  of  the  otoliths  under 
<j:ravitiition  stimulates  the  macula?  acustica?.  The  fact  that  in  fishes 
these  structures  are  highly  developed  seems  to  confirm  Lee*s  hy- 
pothesis, for  in  these  animals  there  is  no  supplementary  cutaneous 
stimulation  like  the  solar  or  ischeal  stimulation  in  man,  and  the 
fish  must  depend  entirely  u\)o\\  these  structures  for  its  sense  of 
position. 

h.  The  Muscular  Sense. 

Snp])leinentarv  to  the  sense  of  position  in  space  is  the  sense  of 
inuseuliir  tension.  If  one  stand  erect  and  as  still  as  possible  with 
the  iieels  together  he  will  not  be  conscious  of  any  essential  change 
(►f  ('(juilihrium  yet  he  will  Ikj  conscious  of  a  slight  variation  of  the 
distribution  of  weight  u|)on  the  soles  of  the  feet  and  es|K»cially 
ronseions  of  variations  in  tension  of  different  sets  of  muscles  and 
teiuKuis  involved  in  the  maintenance  of  the  erect  jwsition.    If  one 


Auditory  epithelium  from  the 


enit 

macula  acustica  of  the  saccule  of 
an  alllKator.  ( Highly  magnified. ) 
c,  c,  columnar  hair-cells  :/,/,  fiber- 
cells  ;  n,  nerve-fiber,  losing  its 
medullary  sheath  and  apparently 
terminating  in  the  columnar  au- 
ditory cells:  actually,  however, 
the  nerve-fibrils  arborize  arounu 
these  cells  ;  A,  bristle  or  hair ;  h\ 
base  of  hairs,  split  up  into  fibrils. 
(ScHAKFER  after  Rktzius.) 
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fix  a  trac'ing  ]K>ifit  to  the  head  and  stand  under  a  horizontal  trac- 
ing Hiirfarrc  so  adju??te<l  as  to  record  any  change  of  position  it  will 
U;  noticrcd  that  the  p^isition  of  the  point  changes  from  moment  to 
rnomi'nt — never  returning  exactly  to  the  starting  point  except 
s'inietinies  by  acddent.  As  a  general  rule  the  taller  the  subject 
the  grcjit^T  the  amplitude  of  his  oscillations.  A  study  of  these 
tracing.**  and  of  the  sensations  which  one  experiences  while  stand- 
ing c;rect  indicate  that  such  a  position  is  maintained  particularly 
through  the  muscle  scfuse.  One  is  conscious  at  one  time  of  a 
grwitcjr  tension  upon,  sjiy,  the  muscles  of  one  side  of  the  body  than 
u])on  those  of  the  other,  and  is  conscious  at  the  same  time  of  a 
slight  change  of  the  direction  of  the  body  axis.  A  moment  later 
he  is  cr)nscious  of  a  greater  tension  upon  the  sets  of  muscles  which 
lH?fore  were  l(;ss  immi  and  conversely.  The  muscles  are  in  a  state 
of  mild  tonic  contraction  constantly,  but  the  tension  of  any  one 
group  of  muscles  varies  continually,  the  action  l^eing  so  coordi- 
nated as  to  maintain  the  l)ody  erect  within  very  narrow  limits. 
On(i  has  not  the  sensation  of  losing  and  regaining  the  balance,  but 
he  has  the  scnisation  of  shifting  of  pressures  upon  the  soles  of  the 
f(M't,  also  of  changing  of  tension  in  muscles  and  tendons  so  that  o  ne 
may  sjiy  that  the  (H)arse  adjustment  of  equilibrium  is  effected 
through  tli(;  senii-cir(!ular  canals,  while  the  fine  adjustment  is 
eflected  through  a  conilnnation  of  muscle  sense  and  plantar  reflex. 

H('si(l(»s  the  iniiK)rtant  part  which  the  muscle-sense  plays  in  the 
uiaiut(iuanc(^  of  e<juilil)rium  it  serves  the  organism  in  adjusting  all 
moior  (fcfirificM  ta  the  mjnired  conditions.  The  consciousness  of  a 
rertnin  amount  of  tensicm  upon  muscles  or  tendons  seems  to  be 
i\w  thing  which  governs  the  amount  of  energy  liberated  in  the 
muscle  to  a('c()mi»lish  a  sul)se<jueut  similar  act.  Every  one  has 
expcrieuced  the  surprise  and  awkwardness  in  coonlination  which 
is  likely  to  occur  when  in  a  flight  of  staii's  one  step  is  much  lo\ver 
than  the  others.  The  usual  energy  and  space  adjustment  has  been 
«>r(lere(l  in  the  ceutral  nervous  system  in  response  to  previous 
uuiscular  xmisc.  The  new  conditions  take  the  nerve-musele  system 
by  surprix'.  This  is  not  the  case  when  the  vision  supplements 
the  other  e(|uilibrati(>n  apparatus.  If  on(^  sees  an  unusual  step 
he  voluntarily  UKulifics  the  course  of  the  rcHexes. 

The  following  tests  were  made  uj)on  a  number  of  medical  sstu- 
(Icuts  to  (leteriuine  the  acuteiiess  of  their  uuiscular  sense  :  (i) 
Two  claiup-holders  dilVeriug  from  each  other  in  weight  by  eight 
]>cr  ceut.  wen'  IkuhIciI  in  turn  to  each  stu<leut  and  were alternatelv 
lifted  by  both  right  and  left  haud>.  The  deteriuination  made  bv 
each  >tudent  was  recorded  without  c(»uuuuuicatiou  with  others  in 
onler  that  the  Judgiueut  (►f  one  >hould  \un  influence  that  of  an- 
other. Ucsulls  :  There  were  >ixttH'u  answers  :  twelve  were  cor- 
rect as  to  w  Inch  was  heavier.     TIk^  average  per  cent,  of  excess  of 


THE  TEMPERATURE  SEySE. 


455 


weight  estimated  for  the  heavier  object  was  7.6  per  cent.,  maxi- 
mum fifteen  per  cent.,  minimum  three  per  cent,  (ii)  Two  bottles 
differing  from  each  other  by  eight  per  cent,  in  weight  were  similarly 
tested  by  a  number  of  students  with  the  following  results  :  There 
were  nineteen  answers,  of  which  eighteen  were  correct  as  to  which 
object  was  the  heavier.  The  average  per  cent,  of  excess  of  weight 
estimated  for  the  heavier  object  by  the  eighteen  correct  answers  was 
•11.7  per  cent.,  the  maximum  being  twenty-five  per  cent,  and  the 
minimiun  two  |>er  cent.  The  results  of  these  two  tests  make  it  evi- 
dent that  the  muscular  sense  is  less  acute  than  the  tactile  sense.  In 
common  with  other  senses  it  may  be  much  improved  by  practice. 
Produce  dealers  can  by  experience  estimate  with  astonishing  ac- 
curacy a  particular  weight  of  any  commodity. 

III.  THE  TEMPEBATUBE  SENSE. 

The  sense  of  temperature  is  a  very  unreliable  index  of  the  ac- 
tual temperature  of  any  substance  because  the  cutaneous  surfaces 
yield  us  only  relative  ideas.  We  can  say  whether  or  not  a  sub- 
stance is  warmer  or  cooler  than  the  skin,  but  we  cannot  say  how 

Fifi.  224. 


Two  nuip>  ""lutH  iiig  ur«':i.H  of  tfiiiiH-rature  sense.  The  iimi*!*  each  represent  an  area  of  one  s<|. 
ill  oil  the  hack  of  the  h  tl  hau<l  <•!  Mr.  A  and  of  Mr.  H.  The  axis  of  the  liui!)  is  from  right  to 
l<  ft,  ift  liori/oniul.  a«*  the  ti^cure  >tan(lf.  Th«'  "  liot  "  s|Mits  areshaded  horizontalW  :  the  **  cold  " 
<.|w»tH  v»;rli<  ully.  The  area-  espeeially  endowed  with  taetile  sense  are  dotted.  The  tactile  Sjiot 
II  measures       s«j.  in.;  the  "  hot  "  sjK»t  h  mea-sures       sq.  in. 


many  diMrreos  of  teni|K'rature  it  has.  Knowing  the  probable  tem- 
jx  ratiiiv  (»f  tlie  skin  one  can,  by  practice,  usually  guess  approxi- 
mately wliat  the  tem|>erature  is  ;  but  at  best  the  determination  is 
based  upon  a  series  of  judgments  all  of  them  subject  to  consid- 
eral>le  error. 

Not  all  ])ortions  of  the  surface  of  the  skin  are  able  to  yield 
te!n]>erature  sensations  and  not  all  |>ortions  so  endowed  yield  si^n- 


wition^  of  Uith  ]uAt  and  frtfld  ;  but  one  small  area  responds  to 
r/iH,  ofi#f  Uf  lifiat,  and  another  to  neither.  The  areas  which  do 
not  nmf^in^l  U)  hfnit  or  cold  are  not  insensible,  they  are  endowed 
with  th(!  tiictile  M^nf¥\  All  pr^rtions  of  the  skin  are  sensitive  to 
pnrMHunr  fttiniuli ;  but  tinfut  [persons  .seem  to  be  more  sensitive  to 
Vi'Ty  li^ht  prrf4Hiire  stimuli  upr>n  the  tactile  areas  than  upon  the 
U',m]f(mim<*.  an^a^  (hot  and  cold  spots;  :  this  may  be  an  illusion  due 
Ut  iiw  (lartial  distraction  of  the  attention  by  the  sensation  of  cold 
or  lu^ii  and  preHHure  when  an  object  touches  a  temperature  area 
while  ihcra  is  no  hucIi  distmction  when  the  object  touches  a  tactile 
area. 

The  ucjc/)ni[)anyinf^  ma|w  show  the  distribution  of  these  areas 
on  particular  nnrfaccH  and  i^ive  a  general  idea  of  the  relative  sizes, 
Htia|M*H  and  areiiM  of  cold,  hot  and  pressure  spots.  From  these 
niapM  and  many  others  the  followin^r  conclusions  have  been  drawn  : 

(f/)  (  'Crtain  areas  of  the  skin  are  functionally  differentiated  to 
n'ccivc  stinuili  from  objects  warmer  than  the  skin,  certain  areas  to 
receive  stinnili  from  objects  colder  than  the  skin. 

(h)  Homologous  iireas  on  different  individuals  are  different 
from  eucli  other  as  to  distributi<m  of  the  cold  and  heat  areas. 

{(')  TIk?  total  area  s(;nsitive  to  cold  is  much  greater  than  the 
total  area  sensitive  to  heat.  If  a  piece  of  cold  metal  one  inch 
H4|imre  were  laid  upon  the  surface  mapped  from  Mr.  A's  hand  it 
would  stinnilatci  lUJ)  cold-areas  and  27  pressure-areas,  or  a  total 
of  7(1. areas.  If  a  piecn*  of  warm  metal  be  applied  to  the  same 
ami  it  would  stimulate  heat-areas  and  27  pressure-areas  = 
TjO.o,  This  nuiy  account  for  the  illusion  that  when  two  pieces 
having  the  sjimc  weight,  one  Inking  cold  and  the  other  warm  are 
laid  upon  contiguous  areas  the  ct»ld  one  will  seiMu  to  lx»  heavier 
thnu  the  wnrni  one. 

(tl)  As  ji  rule  the  lougitutliual  axis  of  an  area  corresponds  to 
tlu*  lougitudiual  n\is  of  tin*  part  (arm  or  leg)  examined. 

[t)  Symuictrirally  loi'Mtinl  an^as  on  the  same  individual  varv 
tH>usidcral>Iy  in  ihtMr  distril>utii>n  of  heat,  cold  and  pressure 
veusiliilitx . 

y/^  S|HUMal  an^as.-  /.  lieat-areas  or  (H>ld-aixnis, — irn^  smaller 
on  individuals  showing  givaliM*  >eu'-il>ility  in  the  a^sthesiometer 
e\|vntueul^. 

l  \  riain  ^inali  aixa^  >eeu\  to  be>eu>itive  to  neither  pressure, 
heat,  uor  eoKI  when  the  stimuli  aiv  uiodenite. 

V  ^  V  te*-! -point,  though  \aryinc  only  slightly  in  temj>eniture, 
n»ay.  at  one  KHMtion.  t'eel  v\v>K  on  anoth*  r  o^M,  autl  on  a  thinl 
vers 

On  li'.e  iwlu^  -.^t"  :iu  :i;0  poin:-  s;v  ^•iaii/^.^^  in  sensi- 

bility !ua:  ^•r  eo*ui  \\^  r<  ^n^.allv  r  aii«i  t^NVtr  tiinn  in  the  same 
ana  U\v  k  v^t*  ;iu  lianJ. 
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{k)  A  cold  penny  placed  on  the  palm  of  the  hand  feels  much 
smaller  than  when  placed  on  the  back  of  the  hand. 

B.  THE  SPECIAL  SENSES. 

An  organ  of  special  sense  involves :  (i)  a  sensory  end-organ 
limited  in  location  and  specialized  in  structure ;  (ii)  an  afferent 
conducting  path  which  differs  in  no  way  histologically  from  other 
axis-cylinders,  though  it  corresponds  to  a  dendrite  of  the  neuron, 
histogenetically ;  (in)  a  brain-center  which  is  a  portion  of  the 
general  sensorium ;  (iv)  inter-central  conducting  paths  between 
the  sensorium  and  higher  cerebral  centers. 

An  act  of  special  sensation  involves :  (i)  special  stimulation  of 
the  end-organ  ;  (ii)  trarmniHsion  to  the  sensorium  ;  (in)  sematiorij 
or  consciousness  of  the  stimulation ;  these  steps  usually  lead  to 
the  following  :  (iv)  perception  of  the  stimulating  object ;  (v)  con- 
ception of  the  object  in  its  relation  to  other  objects. 

The  Hpecial  senmtions  include  seeing,  hearing,  smelling,  tasting, 
or  vision,  audition,  olfaction,  and  the  gustatory  sense. 

The  researches  of  Kupffer  {^^ Cephalic  NerveSy^  Verh.  Anai, 
G&f,,  Miinchen,  V.,  22)  and  Froriep  ('^  Sense  Organs,'^  Arch.f. 
Anatomiey  1886)  show  the  origin  of  the  organs  of  special  sense 
from  primitive  structures  in  the  lower  vertebrates. 

Fig.  225  is  a  reproduction  of  Knpffer's  figure  of  the  branchial 
sense  orgtins  of  the  larval  cyclostome, — petromyzon.    Note  in  the 

Fig.  225. 


Kurval  |Hjtroiny/on  {tliowing  liruiirhiul  scuMory  gunglia.    (Kdinukr  after  Kupppkr.) 

figure  the  five  cephalic  gjinglia :  I,  ciliarj'  ganglion  ;  ii,  tri- 
P'miniis ;  rii,  acustico-facial ;  IV,  glos.so-pharyngeal ;  V,  vagus, 
wlii<'li  is  continuous  with  the  latenil  nerve.  Note  the  chain  of 
('|»ii»rcUK  hial  ^rjuiglia  from  1  to  12  ;  the  anterior  four  being  much 
crowded  together,  the  last  eight  iKMng  evidently  segmental,  the 
■)th,  (Ith,  and  7th  corres}>onding  definitely  with  the  in,  iv,  and 
v  (•e])iialic  gjuiglia  resi)ectively.    Note  also  the  brain  (Br,),  spinal 
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rord  (*S/>.  O/.),  IciiK  of  the  oyo  (/),  the  nasal  pit  (w),  the  hypophysis 
or  pnuiral  pit  (//'/),  month  the  gill  clefts  (CZ),  the  otocyst 
(OO,  and  the  notoeord  (.V.  (J.). 

Knpifer  says  regarding  the  development  of  sense  organs  : 
Then?  (Min  h\>  little  doubt  that  the  lateral  ganglia  (cephalic  gan- 
glia) and  their  Henf^e  orgjins  as  one  series  and  the  epibranchial 
ganglia  and  tlieir  s(»nsiM)rgjins  as  another  series  are  common  to  all 
vrrh'hratvM,  It  hchmus  rrrhiiu  that  the  i^ar, probable  that  the  olfactory 
oipm  an<l  portaibh»  that  the  eye  all  lK»long  to  the  lateral  series." 

1^'roriep  dis<»over(»d  a  series  of  rudimentary  sense-organs  asso- 
eiatinl  with  the  i»pibranehial  ganglia.  They  are  now  generally 
known  as  bnuiehial  sensii-orgiuis.  Minot  (1892)  believed 
it  pmhable  that  further  investigation  would  (fcmoiisfrate  the  exist- 
vmr  of  both  srrirs  in  the  anbrifo;*  of  all  rertebrafe^.^^  Edinger,  writ- 
ing in  181MJ,  eited  rivent  literature  showing  that  the  probability 
of  1  has  Invonie  praetically  a  certainty.  We  are,  then,  justified 
in  l(H>king  uih>u  the  nianuiuUian  ear  as  a  highly  specialized  prod- 
uct of  evolution  of  onv  ]>air  of  a  long  series  of  lateral  sense- 
orgiuis.  In  the  highiT  vertebrates  the  other  lateral  sense-organs 
art>  tMther  speoializinl  in  other  dinvtions  (eye,  olfactorj'  organ),  are 
rudiiuoutary  in  the  ailult,  an»  rudimentary  and  transitorj'  in  the 
embryo,  or,  finally,  wholly  wanting  even  in  the  embryo. 
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of  the  upper,  with  the  upper  part  of  the  middle  turbinated  bone, 
also  the  upper  one-third  of  the  nasal  septum.  This  region  is  out 
of  the  direct  line  of  respiration,  and  all  of  the  lower  region  or 
all  of  the  nasal  passage  not  included  in  the  above  enumeration  is 
called  the  regio  respiratoria.  The  regio  olfactoria  is  so  constructed 
a8  to  present  a  very  large  surface  to  the  air  which  passes  through 
it.  The  mucous  membrane  of  the  olfactory  region  has  a  very 
thick,  spongy  corium  in  which  are  located  the  mucus-secreting 
glands  of  Bowman ;  and  through  which  pass  the  fibers  or  fiber- 
bundles  of  the  olfactorj'  nerves,  on  their  way  to  the  cribriform 
plate  of  the  ethmoid  bone.  (See  Fig.  226.)  The  epithelium 
(See  Fig.  227)  consists  of  two  kinds  of 
cells.  The  epithelium  proper  or  the  sup- 
porting  cells  occupy  most  of  the  surface 
and  extend  to  the  corium  by  branching 
])roximal  ends.  Between  the  supporting 
cells  lie  the  olfactory  cells  or  the  fla  ol- 
fadorid.  The  bodies  of  these  cells  lie 
deep  in  epithelial  layer,  and  there  is  a 
thin,  rod-like  extension  passing  out  to  the 
surface  of  the  epithelium  distally,  while 
the  proximal  extension  is  really  a  naked 
axis  cylinder  which,  joining  several  of  its 
fellows,  passes  as  a  non-medullate  nerve 
into  tlie  olfactory  bulb  which  lies  above 
tlie  cribriform  plate.  The  interesting 
mor])holojrical  feature  shown  here  is  in 
tlic  homology  between  the  olfactory  cells 
and  tlie  cells  of  the  spinal  pmglia.  The 
distal,  pr()toi)hisniic  extension  of  the  olfac- 
tory cell  is  the  afferent  cell-bnmch  or  the 
(Irndrifcy  while  the  proximal,  protoplasmic 
extension  is  the  efferent  cell-brancii  or  the 
iRMirite  or  neunixon,  here  modified  into  a 
linked  axis-cylinder.  This  cell  is  a 
neuron  of  the  I  order. 

This  neuraxon  undergoes  arborization 
in  the  olfactory  glomeruli,  where  they  are 
communication  with  the  dendrites  of 

of  the  olfactory  bulb.    (See  ac(H)m|)anying  Fig. 


i'i'Us  and  teriiiiiial  uerve-tibcrs 
or  the  olfactory  region.  (Highly 
niaj^nitied.)  l]  from  the  frog;  2, 
from  man  ;  a,  epithelial  cell,  ex- 
tending deenly  into  a  ramiAe<l 
procei».«« ;  h,  olfactory  celli«;  r,  their 
|H'ripheral  pkIs  ;  f,  their  extn^mi- 
ticM,  .seen  in  1  to  be  prolonged  ioto 
tine  hain* ;  d,  their  central  fila- 
ments.    (SrUAEFKR  after 

St'Hl'LTZE.) 


Ill 

the  mitral  cell.^ 
22S.) 


L>.   PHYSIOLOGY  OF  THE  SENSE  OF  SMELL. 

Olfactory  sensation  maybe  stimulatwl  by  gaseous  or  volatile 
substances,  the  requisite  comlitions  seem  to  be  that  the  matter 
shall  Ih;  finely  divided  and  diffused  through  the  air.    The  act  of 
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inhalation  carries  a  direct  current  of  the  odor-laden  air  along  the 
regio  respiratoria,  but  it  diffuses  readily  into  the  regio  olfactoria. 
To  aid  this  diffusion  most  mammals  intuitively  "sniff"  when 


Diagram  to  show  the  relatioDH  of  cells  and  fibers  In  the  olfactory  bulb,  olf.c,  olfactory  cells 
of  M.  8chult«e  in  the  olfactory  mucous  membrane,  sending  their  basal  processes  as  non-medul- 
lated  nerve-fibers  into  the  deepest  layer  of  the  olfactory  oulb  (olf.n.);  gl.,  olfactory  glomeruli 
containing  the  terminal  arborizations  of  the  olfactory  fi*bers  and  of  processes  trora  the  mitral 
cells  ;  r»,  mitral  cells,  sending  processes  down  to  the  olfactory  glomeruli,  others  laterally  to  end 
in  free  ramification  in  the  nerve-cell  layer,  and  their  axis-cylinder  processes,  a,  a,  upwards,  to 
turn  sharply  backwards  and  become  fibers  of  the  olfactory  tract  (/r.  o//.).  Numerous  collat- 
erals are  seen  curving  off  from  these  fibers  :  n',  a  nerve-fiber  of  the  olfactory  tract  apparently 
ending  in  a  free  ramitiration  in  the  olfactory  bulb.  (Sciiaefer.) 

they  wish  to  "  scent an  object.  The  sniffing  consists  in  a  series 
of  quick  inspirations.  The  rarefaction  of  the  air  in  the  olfactory 
region  incident  to  the  sniffing  facilitates  rapid  diffusion  of  the 
odor-laden  air  into  that  region. 

The  stimulation  of  the  olfactory  cells  by  the  odoriferous  sub- 
stance can  take  pUicc  only  through  direct  contact  of  the  substance 
with  the  cells.  To  this  end  the  substance  passes  into  solution  in 
the  film  of  moisture  which  covers  the  epithelial  surface.  The 
stimulating  substance  is  in  solution  when  the  stimulation  takes 
j)lace.  The  sen.se  of  smell  is  much  impaired  or  even  susi>ended 
if  the  olfactory  epithelium  should  become  dry  from  any  cause. 
On  the  other  hand,  odoriferous  substances  in  solution  in  water  do 
not  .stimulate  the  sense  of  smell  when  the  water  fills  the  nose. 
The  water  impairs  the  sensibility  of  the  olfactory  cells.  But  if 
an  odoriferous  substance  in  j^olution  in  normal  saline  solution  be 
brought  into  contact  with  the  olfactory  epithelium  the  olfactory 
cells  respond  to  the  stimulus. 


Fig.  228. 
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The  intensity  of  the  sensation  varies  with :  (i)  The  area  of  the 
olfactory  surface  ;  (ii)  the  concentration  of  the  odoriferous  sub- 
stance ;  and  (iii)  the  frequency  of  conduction  of  the  vapor  to  the 
olfactory  region  (the  frequency  of  the  "  sniffs  (Landois.) 

The  acuteness  of  the  sense  of  smell  varies  with  :  (i)  The  size 
of  the  olfactory  area ;  and  (ii)  practice. 

All  attempts  at  a  satisfactory  dnssifimtion  of  odors  have  failed. 
The  French  chemist,  Septimus  Piesse,  arranged  a  scale  of  odors 
w  hich  he  called  the  "  Odophone  "  ;  but  it  was  too  arbitrary  to  be 
accepted. 

The  use  of  the  seme  of  smell  to  the  system  is  primarily  as  a 
means  of  protection,  warning  the  animal  against  the  introduction 
of  noxious  foods,  air  or  drinks  into  the  system.  Secondarily  it 
is  cultivated  by  some  of  the  human  family  as  a  means  of  sense- 
gratification — of  sensual  gratification.  Next  to  the  seeking  of 
pleasurable  tactile  sensations,  it  is  the  lowest  form  of  sensuality. 

V.  THE  SENSE  OF  TASTE. 

1.    STRUCTURE  OF  THE  GUSTATORY  ORGANS. 

The  tongue  serves  the  function  under  consideration,  but  that  or- 
gan serves  also  other  functions,  r.  </.,  mastication,  deglutition,  and 
articulation  of  speech.  The 
tongue  is  not  the  special- 
ized end-organ  of  taste. 
The  si)ecialized  organ  is 
the  UuHtc'hnd,  (Fig.  229.) 
Numerous  taste-buds  may 
be  found  in  the  epithelium 
of  the  oral  mucous  mem- 
brane. The  accompanying 
figure  (Fig.  2.*iO)  shows 
that  the  taste-bud  is  an  epi- 
thelial structure  ;  /.  f.,  that 
it  is  a  group  of  modified 
epithelial  cells.  The  pave- 
ment ej)ithelium  of  the  oral 
mucous  membrane  is  not 
adaj)te<l  to  the  ready  ab- 

S(>rpti(Hl    of     liijuid.      The  station  through  the  middle  of  a  tasto-bud.  ;>,ffustii- 

l)Undle   of   Sl)in(lle-shai)ed  tory  iM.rt  ;  ^  gustatory  o^^^^^ 

.1         1*1  lyiP'*  ^l^*  coiitaliiiuK  fatty  granules;  e,  auiierncial 

cells  presenting  their  ends  cells  of  the  utratlfied  cpitheliuni ;«.  norve-filiers.  (Ran- 

at  the  surface  of  the  general  ^  '*'"*^ 

<'])ithelinni  is  well  adapted  to  the  ready  absorption  of  liquid,  and 
tins  al)sorption  of  licpiid  seems  to  be  an  im]x>rtant  part  <»f  the 
s]H'cial  function  of  the  taste-buds.    The  accompanying  diagram 


Fig.  229. 
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(Fig.  231)  makes  it  evident  that  liquid  absorbed  from  the  sur&oe 
(s)  of  the  epithelium  will  pass,  by  capillary  attraction,  between 


Fkj.  230. 


Various  cells  from  taste-bud  of  rabbit.  (6U0  tliameterK. )  a,  four  gustatory  cells  f^ni  central 
part;  6,  two  suHtcntacular  cells,  and  one  gustatory  cell,  in  connectiou  ;  c,  three  sustentacular 

cells.     (Ey«ELMANN. , 

the  spindle-shaped  gustatory  cells  and  be  brought  into  intimate 
contact  with  the  filamentous  ends  of  the  gustatory  nerve. 

If  the  liquid  be  an  aque- 
ous solution  of  some  sub- 
stance capable  of  stimulat- 
ing the  sensation  of  taste, 
the  effect  of  the  stimulation 
will  be  propagated  along 
the  afferent  dendrite  to  the 
cell-body  of  the  neuron, 
which  lies  in  the  ganglion 
of  the  nerve  trunk,  thence 
through  the  neuraxon  to 
the  central  nervous  sys- 
tem, within  which  a  neu- 
ron of  the  second  order 
tran.smits  it  to  the  sensor- 
iuni.  There  hasbeen  much 
controversy  as  to  whether 
the  gustatory  nerve-fibers 
are  all  contained  in  the 
glosso-pliaryngeal  trunk, 
i)r  whether  some  of  them 
may  not  reach  the  oral  mu- 
cous meinV>rane  through 
the  lingual  branch  of  the 
trigeininus.  Both  nerves 
nn(l(>ul)tedly  contain  gus- 
tatory fibers.  The  gustatory  fibers  may  readily  ])ass  from  one 
trunk  to  another  in  the  tympanic  plexus,  a  condition  which  is 


Fig.  2:^1. 


hia^iram  of  ta«<t«  -lniil  with  ^Mistator>  ihtv*'.  Note 
that  tln'  epithelial  <  rlls  which  cniiinoso  the  tasti'-luul 
are  broad  •  iicasiiii;  crlls,  {a )  or  >I('inl»'r  gustatory  cell-, 
(h)  Note  the  allerent  dendrite  arborizing'  among  the 
j^iistatory  c«>lls  and  the  atferent  neuraxon  passing 
into  the  central  nervou-  system  (^'..V. )  where  it  comes 
into  relation  with  neurons  of  the  11  onh-r.  The  cell 
Ixxly  iM  locjited  in  the  trunk-ganglion  of  tlie  nerve  of 
tasti*.    ((^l  AiN  after  KKri/irs. ) 
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known  to  exist  in  the  case  of  the  secretory  and  vaso-dilator  fibers 
of  the  salivary  glands  {quid  vide).  There  is  probably  one  source 
for  the  gustatory  nerve-fibers,  and  that  source  is  probably  the 
trunk  (petrous)  ganglion  of  the  glosso-pharyngeal  nerve. 

The  taste-buds  are  distributed  (i)  over  the  lateral  surfaces  of 
the  circumvallate  papillae ;  (ii)  upon  the  fungiform  papillse ;  (ill) 
upon  the  papillae  of  soft  palate,  uvula,  anterior  pillars  of  the  fauces, 
and  surface  of  epiglottis. 

2.  PHYSIOLOGT  OF  THE  SENSE  OF  TASTE. 
a.  A  Summary  of  the  Facts  Ooncerning  Taste. 

Many  of  the  perceptions  attributed  to  taste  really  depend  quite 
as  much  upon  smell  as  upon  ta^jte.  We  usually  apply  the  term 
flavor  to  those  sensations  which  depend  upon  both  smell  and  taste  ; 
e.  g.,  one  speaks  of  the  flavor  of  roast  beef  or  of  coffee.  The  fact 
that  closure  of  the  nose  impairs  the  flavor  of  the  beef  or  coffee,  in- 
dicates that  a  part  of  the  flavor  is  to  be  attributed  to  the  sense  of 
smell.  The  sense  of  taste  alone  seems  to  be  confined  to  sensation 
arising  from  four  distinct  stimuli  :  (l)  sweet;  (ll)  bitter;  (in)  acid ; 
(iv)  mlt.  All  purely  taste  sensations  are  either  modifications  of  or 
combinations  of  these  four  fundamental  sensations.  The  sense  of 
taste  may  be  excited  only  by  those  substances  which  pass  into 
solution ;  i.  e.,  insoluble  substances  are  tasteless. 

The  sensation  will  vary  in  strength  with :  (i)  the  size  of  the 
area  stimidated,  being  more  intense  the  greater  the  area  stimulated  ; 
(ii)  the  concentrcdion  of  the  solution^  being  more  intense  the  stronger 
the  solution  ;  (iii)  the  teniperaiure  of  the  Holxdion^  being  more  in- 
tense the  nearer  the  temperature  is  to  that  of  the  blood  ;  (iv)  the 
mechanic^il  friction  of  the  tongue  against  the  palate,  being  stronger 
witli  moderate  friction  than  without  it. 

Tho  sense  of  taste  varies  In  acuteness  :  (i)  through  certain  heredi- 
tary influences  ;  and  (ii)  through  cultivation.  A  good  example  of 
marked  acuteness  of  taste  acquired  by  cultivation,  may  be  found 
in  the  professional  tea-tasters,  and  wine-tasters. 

b.  Practical  Tests  of  the  Sense  of  Taste. 

1 .  To  Determine  the  Acuteness  of  Taste. — Make  four  standard 
solutions  as  follows  :  (i)  Sugar :  1  gm.  of  dry  saccharose  in  100 
c.c.  distilled  water,  (ii)  Quinine:  1  centigramme  in  lOOOc.c.  of 
distilled  water,  (ill)  Acdic  acid:  1  gm.  of  glacial  acetic  acid  in 
1  ()()()  e.c.  <iistilled  water,  (iv)  Salt:  1  gm.  of  dry  sodium  chlo- 
ride in  100  c.c.  distilled  water. 

In  the  use  of  these  solutions  prepare  the  gustatory  surfaces  by 
thoroughly  rinsing  the  mouth  with  distilled  water,  or  with  boiled 
water.    Take  a  uniform  (quantity  of  the  solution  into  the  mouth 


Hi  wrh  o\r*^'rvfiftou,  A  (fpftyfrnif^nt  r|ciantitT  L«  4  c.c.  or  a  common 
u^^tfftfuM,    iiiumr  the  month  liiffore  each  new  observation. 

'tlw  folUfWiuy:  tH\pU:  fnvf^  rf^^nlt?*  obtained  bv  a  nomber  of  ob- 
^'rvf-TK  rHi^r  nimiUrnt  iwlu^ate  the  number  of  parts  of  water  to 
ow  Iff  \\u'  ^u\m\iitm'  Up  U;  UL^Uii},) 


Acetic  Acrid. 
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.VKi 
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325 

.1 

7,500 

325 

1  lo  W» 

1  to  4i4.00ri 

1  to  5640 

1  to  469 

McMiHcM  till-  n*Hiill-H  li(;r(!  r(»c()r(l(Kl  numerous  data  were  furnished 
hy  oflii-r  olmrrvc^rH. 

(ft)  TliiM  lahl(!  and  i\w.  Hn|)|)lenicnt{irj'  data  justify  the  follow- 
ing f'oiM'hiHionH  : 

(</)  'V\w  nrntoiH'HH  of  t4iHte  for  sugar  varies  from  one  part  of 
|inr«'  riww  HW^iiv  in  'M)i)  parts  of  water,  to  1  in  708,  with  an  aver- 
nf  1  in 

(li)  'VUv  iMMiteneHH  of  t4iste  for  salt  varies  from  1  in  325  to  1  in 
7(M),  with  an  avrra^»  «>f  1  in 

)  Thr  arnteness  ot*  taste  for  acetic  acid  varies  from  1  in  3,000 
lo  I  in  8,000.  or  an  avera^*  of  1  in  5,(140. 

The  aenteness  ot*  taste  for  sulphate  of  quinine  varies  from 
I  \\\  l!00,000  to  I  in  KOOO.OOO,  with  an  average  of  1  in  444,000. 

I'^ioin  thtNt*  I't^Hiilts  it  is  evident  :  (l)  that  there  is  considerable 
individual  variation  :  {\\)  that  the  taste  is  nion^  acute  for  the  less 
o\»nuuou  stiiunii  ot'  hititM*  and  acid  than  for  the  more  common 
Htinudi  ol'  sdt  and  swin^t. 

yf>^  sS^vcnd  students  ixhhmxKhI  a  markinl  divrease  in  the  acute- 
ue>H  iittcr  the  um^  \^t' i\»Kac*>». 

V.  i^uo  <tudcnt  nsHMxIinl  a  notict^nblc  incn\is<Mn  the  stimulation 
\\  h\  u  thr  M»l\aiou<  wciv  wanutnl  t'nMn  -0  (\  to  40^C\ 

^  Ot\v^  olvN<  r\or  lound  that  the  tip  and  ixlgi'  of  the  tongue 
N\x  r>^  v,\ot\^  :u  ulo  th;vn  other  }^\ri<  ot*  the  touirue  in  '/?^<Wiii#/  x/iV/A/ 
■      •      N      •  \      .  r*..  >, 

^-    i^v.v^  x^!v<v  r\or,  tvjv^rtit^iT  a  sorii  s  ot*  verv  i-m^ful  experiments 
\as^r  to;;r         :d;;:\ls.  t!\r\v  ot*who:n  :m  r.u  niK^rv  of  the  same 
TaV,  ,!n         ,;xv;>:ouu\l  to  tl\o  :V\v  usi  ot*  sci!:  :ind  vine^r  in  tlmr 
*AX'^;vv  >i'v ^vr,v  'ud<\l  :  rh:\:  tlu  tVv.nh  :r.d:vM;:AK  not  ai>ctt«- 
'/\  tHv       v^t'  v:;*:  :\r.d  vitupir.  h:--     i:n:t\ur  sensitive- 
r  vv*  *'s         ^^  :t  ^v:*:\>:^,r.vv>  their,  v:-   :h'.  thrtr  individuals 
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Fig.  232. 


(/)  As  to  the  interval  of  time  between  the  application  of  the 
stimuli  and  the  taste  perception  the  observations  seem  to  justify 
the  following  conclusions : 

(«)  The  interval  between  stimulation  and  sensation  (latent  in- 
terval) varies  inversely  as  the  number  of  papillse  per  unit  area  in 
the  portion  of  the  gustatory  apparatus  stimulated. 

(/5)  The  interv^al  between  stimulation  and  sensation  varies  di- 
rectly as  the  bloo<l-supply  or  blood-pressure  of  the  part  at  the 
time  of  stimulation. 

2.  To  fletermine  localization  of  the  seme  of  tmte,  /.  e.,  to  find 
whether  there  are  areas  of  gustatory  region  which  are  especially 
sensitive  to  particular  stimuli ;  quinine,  for  example. 

Solution :  Through  the  aid  of  a  probang  or  of  a  camePs-hair 
brush  apply  to  different  limited  areas  of  the  tongue,  palate,  fauces 
and  buccal  mucous  surface  either  the  standard  solutions  given 
above  or  somewhat  stronger  solutions  of  the  same  substances. 

Bemiliji :  The  following 
figure  (Fig.  232)  gives  the 
results  which  coincided  sub- 
stantially with  those  of  other 
observers:  Outline  of  tongue 
showing  location  of  tonsils 
(  T),  foramen  cjecum  (F. 
C),  circumvallate  papillae 
(('.  P.)  and  fungiform  pa- 
pillffi  {F,  P.)  upon  the  left 
side,  while  the  right  side 
shows  the  outline  of  the  area 
particularly  sensitive  to  qui- 
nine (  )    acid  (....), 

salt    (  — )   and  sugar 

(  )  resjxjctively. 

"  (Ehrwall  has  examined 
the  different  fungiform  pa- 
pi  lire  over  the  tongue  with 
reference  to  their  sensitive- 
ness to  taste-stimuli.  One  hundred  and  twenty-five  separate  pa- 
j)illie  were  tested  with  succinic  acid,  quinine  and  sugar.  Twenty- 
seven  of  the  ])apillffi  gave  no  response  at  all,  indicating  that  they 
were  devoid  of  taste  filxjrs.* 

Of  the  remaining  ninety-eight,  twelve  perceived  acid  alone, 
three  jn'rceived  sugar  alone  while  none  were  found  which  reacted 
to  quinine  alone.  The  fact  that  some  papillae  respond  to  only  one 
form  of  taste  sensation  is  evidence  in  favor  of  the  view  that  there 

'  The  27  papilhf>  which  gave  no  reHponsc  to  sour,  sweet,  or  bitter,  may  have 
heen  sensitive  to  salt. 
80 


Locallzution  of  i&sie.    Hittor,  ;  aciti, 

salt,  ;  awwt,  -  -  -  -, 


466 


SENSATION:  HEARING, 


are  separate  nerve-fibers  and  endings  for  each  fundamental  sensa- 
tion ;  but  a  majority  of  the  papillae  (83)  are  provided  with  more 
than  one  variety  of  taste-fibers."    (Henry  Sewall,  in  American 

Text-book  of  Physiology.) 


VI.  HEARma. 

INTRODUCTORY. 

1.  puysiological  acoustics. 

2.  Comparative  Anatomy  and  Physiology  of  the  Auditory  Organ. 

3.  Embryology  of  the  Auditory  Organ  in  Vertebrates. 

4.  Summary  of  the  Anatomy  and  Histology  of  the  Ear. 

THE  PHYSIOLOGY  OF  HEARING. 

1.  The  Transmission  of  Sound. 

a.  The  Part  Played  by  the  External  Ear. 

b.  The  Part  Played  by  the  Middle  Ear. 

2.  The  Reception  of  Sound. 

3.  The  Sensation  and  Perception  of  Sound. 

Vn.  HEARINa. 
INTRODUCTORY. 
1.    PHYSIOLOaiGAL  ACOUSTICS. 
(I,  Definitions. 

{({)  AcorsTics  IS  THE  Science  of  Sound,  and  comprises  the 
study  of  sounds  and  of  the  vibrations  of  elastic  bodies.  Acou- 
stics is  concerned  particularly  with  (juestions  of  the  production, 
transmission  and  comparison  of  sounds. 

(J))  Sound  is  always  the  result  of  rapid  oscillations  ini|>arted 
to  the  molecules  of  elastic  bodies,  when  the  state  of  equilibrium 
of  these  bodies  has  ])een  disturbed  either  by  a  shock  or  by  fric- 
tion.'' (Ganot.)  Such  bodies,  always  representing  ponderable 
matter,  tend  to  re^in  their  j>osition  or  condition  of  equilibrium 
only  after  performing  on  each  side  of  that  position  very  rapid 
vibratory  movements  the  amplitude  of  which  quickly  decreases. 
The  term  sound  is  also  apj)lied  to  the  sensation  which  these  vibra- 
tions arouse  in  the  brain. 

(c)  The  term  phi/Mio/or/icd/  acousflc.H  may  be  applied  to  that  por- 
tion of  the  gt^neral  field  of  acoustics,  which  deals  with  the  pro- 
duction, trausmission  and  comparison  of  the  sounds  made  by 
auimals,  or  of  the  sounds  serving  as  stimuli  for  animal  sense- 
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organs.  Physiological  acoustics  deals,  then,  with  the  physical 
principles  involved  in  the  production  of  the  voice ;  with  speech, 
music,  and  the  transmission  of  these  sounds  by  the  organs  of 
hearing  to  the  auditory  nerve  ends. 

6.  The  Production  of  Sound. 

That  sound  is  produced  by  the  vibration  of  elastic  bodies  may 
be  readily  confirmed  by  experiment.  Granot  suggests  the  follow- 
ing experiment :  Hold  a  bell-jar  so  that  its  axis  is  horizontal  and 
its  rim  free.  Tap  it  gently  with  a  pencil ;  it  emits  a  continuous 
musical  sound.  Lay  any  small  body,  like  a  piece  of  crayon  or  a 
nail,  in  the  jar  on  its  lower  wall ;  hit  the  jar  a  smart  rap  ;  it  emits 
a  musical  sound  as  before,  and  in  the  meantime  is  causing  the  free 
object  within  to  jump  about  at  a  lively  rate.  The  object  is  being 
struck  at  short  intervals  by  the  vibrating  wall  of  the  jar.  In  a 
similar  manner  a  tuning  fork  or  a  violin  string  will  throw  off  light 
objects  which  are  placed  upon  it  while  it  is  emitting  a  sound. 
Hound  is  produi*€fl  by  the  vibration  of  ehstic  bodies,  A  musical 
sound  or  tone  is  a  regular  continuous  sound.*  A  noise  is  an  irregu- 
lar discontinuous  sound. 

c.  The  Propagation  of  Sound. 

Sound  can  be  propagated  only  through  the  medium  of  ponderable 
matter^  for  if  the  air  be  withdrawn  from  the  receiver  of  an  air- 
pump  a  music-box  in  operation  within  the  receiver,  surrounded  by 
the  imjx)nderable,  luminiferous  ether,  can  not  be  heard. 

Sound  is  propagated  through  elastic,  ponderable  matter.  All 
gases,  litfuids,  and  solids  may  transmit  sounds.  These  bodies  are 
acted  upon  by  the  vibrating  source  of  the  sound  and  are  thrown 
into  a  series  of  waves  which  rapidly  spread  in  all  directions  from 
the  center  of  disturbance.  In  water-waves,  or  the  undulations 
which  sweep  over  the  surface  of  a  body  of  water,  the  individual 
molecules  rise  and  fall,  describing  an  ellipse  whose  long  axis  is 
transverse  to  the  direction  of  propagation.  In  sound-waves  the 
molecules  move  to  and  fro  in  a  line  parallel  to  the  direction  of 
j>ropagation.  This  leads  to  a  series  of  alteniating  condensations 
and  rartfactions  of  the  medium, 

1 .  Velocity  of  Propagation  of  Sound. — (a)  In  Gases. — New- 
ton determined  that  the  velocity  of  the  propagation  of  sound  in 
pises  is  directly  as  the  square  root  of  the  elcisticity  of  the  gas,  and 

inversely  as  the  square  root  of  its  density  |t?a  This  for- 

mula with  mcnlifications  for  temperature,  and  barometric  pressure 
yields  the  following  results :  velocity  of  sound  in  carbon  dioxide, 
S5()  ft.  per  sec;  oxygen,  1040  ft.;  air,  1093  ft.;  hydrogen,  4063. 
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(6)  In  Liquids. — The  same  general  formula 


given  for  gases  applied  with  modifications  for  liqmds.  The  co- 
efficient of  elasticity  (e)  is  very  high  for  liquids,  and  though  the 
density  (d)  is  also  great  the  high  elasticity  makes  the  velodily  of 
sound  in  liquids  much  higher  than  it  is  in  gases.  For  water  the 
velocity  is  4708  ft.  at  80°  C.  to  5013  ft.  per  sec  at  30®  C;  fiir 
absolute  alcohol,  3854  ft;,  per  sec.  at  23°  C;  for  a  solatioii  of 
NaCI,  5132  ft.  per  sec.  at  18°  C. 

(c)  In  Solids.  The  velocity  in  feet  per  second  in  caoutdMooc^ 
197  ft.;  in  lead,  4030  ft.;  in  copper,  11,666  ft.;  in  steel  nire, 
15,470  ft. 

2.  Reflection  and  Refraction  of  Sound. — ^The  echo,  familiar  to 
every  youth,  is  a  simple  reflection  of  sound.  The  reflection  of 
sound  is  subject  to  the  folloiving  laws  :  (i)  ITie  angle  of  r^edum 
of  sound  is  equal  to  the  angle  of  refraction,  (n)  The  incident  Mm- 
orous  ray  and  the  r^Uded  ray  are  in  the  mnie  plane  perpendicular 
to  the  reeding  surface. 

A  sound-lens  made  of  two  circular  sheets  of  collodion  cemented 
together  at  their  edges  and  inflated  with  CX),  will  bring  sound 
waves  to  a  focus.  The  ticking  of  a  watch  held  beyond  the  princi- 
pal focus  of  such  a  lens  may  be  clearly  heard  in  the  conjugate 
focus  of  the  lens  though  the  conjugate  focal  distance  may  be 
many  feet. 

d.  The  Properties  of  Sound. 

One  sound  may  vary  from  another  in  intensity  or  loudness^  in 
pitch  and  in  quality. 

1.  Intensity. — (a)  The  intensity  of  sound  varies  inversely  as- 
the  square  of  the  aistance  of  the  sonorous  body  from  the  ear. 

^/varies 

(6)  The  intensity  of  sound  increases  with  the  amplitude  of 
the  vibrations  of  the  sonorous  body. 

((•)  The  intensity  of  sound  depends  on  the  density  of  the  air 
through  which  the  sound  is  propagated. 

((/)  The  intensity  of  sound  is  modified  by  the  motion  of  the 
atmosphere,  ?.      by  the  wind. 

(e)  The  intensity  of  sound  is  increased  by  the  proximity  of  a 
sonorous  body.  (e.  </.,  The  sounding  box  of  a  violin  intenaifiea- 
the  sound  produced  by  the  vibration  of  the  strings.) 

2.  Pitch. — Tlie  expression,  "  pitch  of  a  sound,"  refers  to  the 
number  of  vibrations  of  the  sonorous  body  in  a  unit  of  time. 
The  greater  the  dumber  of  vibrations  per  second  the,A^Aer  the 
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pitch  ;  the  fewer  the  vibrations  the  lower  the  pitch.  The  number 
of  vibrations  which  a  sonorous  body  will  make  in  a  second  de-» 
pends  upon  several  variable  factors.  In  physiological  acoustics 
we  are  interested  particularly  in  the  vibrations  of  strings  and  of 
membranes  because  the  human  voice  is  the  sound  of  the  vibrating 
strings — the  vocal  cords — and  the  hearing  of  the  human  voice  and 
other  sounds  depends  upon  the  vibration  of  a  stretched  membrane, 
the  membrana  tyrnpani, 

(a)  The  Pitch  of  a  Vibrating  String. — "  The  vibration 
of  a  string  stretched  between  two  points  depends  upon  the  reflec- 
tion, at  either  end,  of  the  wave  motion  transmitted  along  the 
string.  If  a  succession  of  waves  travel  along  the  string  each 
wave  will  in  turn  be  reflected  at  one  end  and  travel  back  along  the 
string,  to  be  reflected  again  at  the  other  end.  The  motion  of  any 
point  of  the  string  is,  accordingly,  the  resultant  of  the  motions  due 
to  waves  travelling  in  both  directions.  If  a  string  is  to  remain  in 
a  state  of  vibration  it  follows  that  the  modes  of  vibration  must  be 
such  that  the  dhtftnce  between  the  two  eiuU  (the  fixed  points  or  ter- 
minal nodes)  contains  an  Integral  multiple  of  half  the  length  of  a 

wave'^  (Shaw)  (/.  e.,  /=^y,  when  /=  the  distance— length  of  string 

—a  the  integral  multiple  and  k  the  fundamental  wave-length. 

For  the  fundamental  pitch  of  a  string  a  =  1  ;     ^  =  "2' 

In  socking  a  general  formula  for  the  pitch  of  a  vibrating  string 
we  must  first  find  an  expression  for  the  velocity  of  the  undulation 
which  sweeps  along  such  a  string.  The  fundamental  equation  for 
the  velocity  of  an  undulation  is  v  =  hi,  i.  e.,  if  n  waves  pass  a  fixed 
point  in  a  second,  and  if  each  wave  has  a  length  /  from  crest  to 
crest  (node  to  node  in  the  string) ;  then  the  velocity  would  be  n 
times  ?<.  But  we  are  seeking  the  value  of  n  in  terms  applicable 
to  the  conditions.  Our  fundamental  ecfuation  for  n  is  from  the 
above  (r=^«)  : 

(0  "  =  ;■• 

AVe  know  the  value  of  ?.  in  terms  of  length  of  string  when  the 
string  is  giving  its  fundamental  tone : 

(II)  ;i=2/. 

It  remains  to  express  v  in  terms  of  tension,  etc.,  applicable  to  the 
string.  "  A  wave  of  any  length  travels  along  a  taut  string  >vith  a 
velo<  ity  e(|ual  to  the  scjuare  root  of  the  tension  (in  dynes)  divided 
by  the  miuss  of  a  unit  of  its  length  expressed  in  grammes  per 
centimeter.^'    (Lord  Rayleigh,  Sound,  Vol.  I.,  Chap.  I.) 
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For  the  tension  in  dynes  is  equal  to  981  x  the  weight  in  grammes  r 
r  =  9Slg.  fi  or  the  mass  of  a  unit  of  length  expressed  in  grammes 
per  centimeter  is  really  the  density  multiplied  by  the  volmne. 
The  volume  of  a  unit  length  equals  ;rr*,  representing  the  density 
or  specific  gravity  by  d,  then  /i  =  nr^d. 


Substituting  in  (i)  the  values  of  v  and  k  we  have 
(V)  n=±  1^ 

Ecjuation  (v)  expresses  the  number  of  vibrations  per  second  in 
terms  of  length,  radius,  tension  (weight)  and  density.  Expressed 
as  a  variable  by  dropping  the  constants  : 

(vi)  n  varies  as  -— 

rl 

The  verbal  expression  of  the  formula  (vi)  is  :  The  vibration  fre^ 
qumcy  (pitch)  of  a  string  varies :  (i)  inversely  as  the  radius ;  (ir) 
inversely  as  the  length  ;  (iii)  directly  as  the  square  root  of  the  tension 
in  grammes  ;  (iv)  inversely  as  the  square  root  of  the  density. 

(b)  The  Pitch  of  a  Vibrating  Membrane  may  be  deter- 
mined by  the  above  formula  (vi)  under  certain  conditions  :  (i) 
The  membrane  must  be  circular  (/),  like  a  drum  head  (ii)  the  i 
tension  must  be  equal  in  all  directions  in  the  plane  of  a  circle  {g); 
(ill)  the  thickness  must  be  equal  in  all  parts  (/•) ;  (iv)  the  density 
must  be  equal  in  all  parts.  Once  these  conditions  are  filled  we 
have  in  a  vibrating  membrane  the  equivalent  of  an  infinite  num- 
ber of  strings  of  equal  length,  tension,  radius,  and  density,  which 
will  of  course  vibrate  in  unison,  /.  the  membrane  will  give  the 
same  fundamental  tone  as  that  given  by  a  string  representing  a 
diameter  of  the  membrane. 

(c)  The  MrsicAi.  Scale. — The  standard  pitch  of  an  instru- 
ment is  A  which  represents  435  vibrations  per  second ;  it  is  the 
middle  ^1  of  the  piano-forte.  Note  that  the  tone  (  "  has  just  twuce 
the  number  of  vibnitions  of  C,  Tiiis  relation  holds  good  through- 
out the  whole  musical  scale  :  has  (435x2  =  )  970  vibrations 
per  second  ;  while  .1 — 1  (one  octave  below  middle  ^4)  has  (^|^=) 
21 7i  vibrations  per  second.  The  lowest  C  (0 — 3)  of  the  plana 
has  32  +  vibrations  per  second  and  the  lowest  C(C — 4)  of  the 
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pipe  organ  has  16  +  vibrations  per  second.  C'^  has  1044  vibra- 
tions per  second;  C",  2088;  C^^  4176;  8352;  O^', 
16704;  C^",  33408. 


Fig.  233. 
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3.  Quality. — The  variation  in  (quality  depends  upon  the  com- 
bination of  hatrnionic^  or  overtones.  The  degree  of  complexity  of 
a  sound — the  number  of  overtones  present — together  with  the  rel- 
ative prominence  or  loudness  of  each  overtone,  is  interpreted 
mentally  as  giving  a  distinctive  quaUtyy  or  (imbrey  or  character  to 
the  sound  heard.  When  one  hears  the  A  of  a  violin  he  not  only 
recognizes  the  pitch  and  intensity,  but  he  is  able  to  say  that  it  is 
produced  by  the  violin.  One  does  not  consciously  hear  the  har- 
monics or  overtones  as  a  nde ;  he  hears  only  the  fundamental 
tone  of  <t  eerfain  qmdity.  The  flute  gives  practically  a  pure  fun- 
damental tone  without  any  overtones.  With  a  series  of  flutes 
which  produce  notes  whose  frequencies  are  in  the  ratios  :  1:2:3:4:5, 
so  mounted  in  a  wind  apparatus  that  they  may  be  made  to  sound 
with  a  loudness  which  can  be  separately  regulated,  one  can  build 
up  auji  (/udlity  of  sound.  Thus  the  infinite  variety  of  sounds  one 
hears  in  nature  is  very  simply  explained.  Even  the  different 
vowel  sounds  dej>end  for  their  difierences  upon  the  viodijieation  in 
(fU(diti/  of  a  fundamenfdi  hningeid  tone — given  a  particular  quality 
by  resonance  of  the  organs  of  articulation — pharyngeal,  oral  and 
nasal  cavities  (Medind  Physics^  Danicll). 

2.    COMPARATIVE  ANATOMY  AND  PHYSIOLOGY  OF  THE 
AUDITORY  ORGANS. 

There  is  no  reason  to  Ixjlieve  that  any  of  the  Protozoa  are  sen- 
sitive to  atinos})heric  vibrations.  If  they  respond  to  the  audible 
vibrations  of  the  liquid  media  in  which  they  rest,  it  is  probable 
that  these  vibrations  are  really  mechanical  stimuli  for  their  light 
unicel hilar  bodies. 

Some  (Velenterata  possess  auditory  vesicles  lined  with  epithelial 
colls,  provided  with  bristle-like  cilia,  an  otolith,  and  innervated 
by  a  nerve.  Fig.  234  shows  a  section  through  such  a  simple 
auditory  organ  : 
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Fig.  2M. 


Among  the  EchlnodermaUt  only  deep-sea  bolQthurians,  Elam-' 
podfiy  possess  auditory  vesicles  (56  in  number).    These  are  lo- 
cated along  the  course  of  the  nerve 
cords  and  possess  numerous  otoliths. 

The  VermeMy  as  represented  by  the 
common  earthworm,  Lutnbrieufiy  though 
externally  sensitive  to  the  vibrations 
of  the  solids  upon  which  they  rest,  are 
quite  insensible  to  vibrations  of  the  air. 
Tlie  microscope  reveals  no  auditory 
vesicle  in  the  earthworm. 

The  auditory  vesicles  of  the  moHusca 
are  constructed  upon  the  same  general 
plan  as  those  of  the  medusa.  Fig.  235 
shows  Claus's  section  of  the  auditory 
vesicle  of  a  heteropod  mollusk.  In 
most  Lamellibranchs  and  Grasteropods 
and  in  the  nautilus  the  auditory  ves- 
icles are  innervated  from  the  pedal 
ganglia. 

The  Artkropmhi  have  more  highly  developed  external  ears  than 
can  be  found  elsewhere  among  the  invertebrates.    The  Crustacea 

Fig.  235. 


Auditory  veHicle  of  a  Jellv-fish  in- 
doiiing  fluid  prr)vlded  with  one  or 
more  otolithn.  A',  lOerre  ;  Of,  oto- 
lith; Jfz,  auditory  cells  with  hairs, 
J/h.    (MiLLH  after  Clauh.) 


.\iidit<»ry  v»'«.i(  Ie  of  a  h<'!rro|HKl  iuol]u>k  { J'hrntHnhen).  A',  auditory  iiervt' ;  O/,  otolith  in 
fluid  «»f  vrnicle  ;  11':,  ciliated  crlls  on  iinn'r  wall  of  vosiclo  ;  7/:,  auditory  cellM ;  C;,  ceutral 
cells.    (Mills  aflrr  ('LAr>.) 

as  rcpivsontcMl  by  tlie  crayfish  has  auditory  organs  at  the  base  of 
the  antonniiles.       Heiv  the  auditory  sac  is  porinanently  open, 
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though  protected  by  bristle-like  seta.  Within  this  sac  a  part  of 
the  wall  is  raised  up  into  a  ridge  and  the  cells  that  form  it  are 
provided  with  delicate  setae  at  their  free  end  and  >yith  nerve  fibers 
at  their  base  within.  The  sac  is  filled  with  a  gelatinous  fluid  con- 
taining minute  otoliths.  Vibrations  of  the  external  medium  set 
the  otoliths  in  motion ;  these  beat  upon  the  setae,  and  these  setae 
affect  the  cells  on  the  acoustic  ridges,  which,  in  turn,  stimulate  the 
nerve  fibers  which  are  in  direct  communication  with  the  brain." 
(Bell.)  The  grasshopper,  representing  the  InsectOf  has  a  tym- 
panum. This  is  a  modification  of  the  chitinous  integument  and 
consists  of  a  cavity  across  which  a  delicate  chitin  membrane  is 
stretched ;  held  taut  by  a  delicate  rim  which  in  turn  is  stretched 
by  a  number  of  small  radial  muscles  attached  externally.  Within 
the  tympanum  is  an  auditor)'  ridge  homologous  to  that  described 
alx)ve  in  the  crayfish. 

The  Vertehrata  show  the  ear  in  its  highest  development ; 
though  the  lowest  of  the  vertebrates  (Tunicata,  Amphioxus,  etc.) 


Fig.  236. 


DiagraiiiM  to  »how  the  relations  of  the  auditory  labyrinth  in  the  vertebrate  series.  A,  fish  :  B, 
binl  ;  (\  mammal ;  »/,  utriculus,  with  the  three  >»emi-circular  canals;  s,  saet^ulus;  r,  cochlea; 
r,  o^iuuMluotuH  ve^tihuli ;  b,  lagena  ;  rr,  canalis  reuniena.  In  (',  r  is  seen  to  divide  into  8e|>arate 
I)aj(.*«aKeM  for  tlie  utriculuM  anu  sacculuH  ;  the  vestibule  is  seen  to  have  a  ctecal  sack  at  r  ;  A:,  coil 
of  tlu-  (Mjchlca.    (After  Waldever.) 

give  evidence  of  a  continuity  of  the  development  from  lower  in- 
vertebrate forms.  In  all  animals, — invertebrate  and  vertebrate 
alike — that  ik)sscss  an  auditory  vesicle  this  is  invaginated  from 
the  epiblast  and  the  pore  which  originally  communicated  with  the 
exterior  may  remain  open  throughout  adult  life. 

All  higher  vertebrates  possess  an  internal  ear  (modified  audi- 
tory vesicle)  of  considerable  complexity,  showing  a  vedibide  and  a 
series  of  snnirirrular  cinuiU,  The  mammals  possess  in  addition  a 
<'oinplex  structure  called  the  cochlea,    Waldeyer's  figure  (Fig. 
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236)  shows  the  variations  in  the  structure  of  the  auditory  vesicle 
in  fishes,  birds,  and  mammals.  The  embryology  and  the  anatomy 
of  the  mammalian  ear  may  be  taken  to  represent  the  higher 
vertebrates. 

3.  EMBBTOLOGT  OF  THE  AT7DIT0BT  OBGAN  IK 
VEETEBBATES. 

a.  Oomparatiye  Embryology. 

The  origin  of  the  ear  from  one  of  the  lateral  ganglia  of  the 
j)etromy7X)n,  as  maintained  by  KupflFer  and  now  generally  accepted 
has  been  discussed  above.    (See  p.  458.) 

The  lowest  mammals  show  a  clear  relation  to  the  birds  in  the 
early  steps  of  development ;  a  relation  which  is  not  by  any  means 
effaced  in  the  adult  structure. 

b.  Special  Embryology  of  the  Human  Ear. 

1.  Development  of  the  External  Ear. — The  external  meatus 
corresponds  to  the  invaginated  part  of  the  branchial  cleft  and  is 


Fig.  237. 


lH>vc't<>|>meiit  (if  the  |iiunn.  1,  tra^UH  ;  2,  .\,  (\  Helix  ;  4,  ant  helix  ;  5,  antitragus;  6,  teenii 
lol»aris  (MiNoT.) 


therefore  lined  with  epihlast.  The  pinna  is  develojwd  (Fig.  237) 
from  six  eniinenees  which  surround  the  external  end  of  the 
meatus.  Jly  the  flmrteenth  week  the  form  has  already  approx- 
imate<l  that  of  the  adult  car. 

Sometimes  the  pinna  is  arrested  in  its  development.  The  small^ 
round,  thick  ear,  such  as  shown  in  />,  is  ahiiost  sure  to  be  asso- 
ciated with  a  greater  or  less  dep'ce  of  arrest  of  psychical  develop- 
ment. 

2.  Development  of  the  Middle  Ear. — For  the  details  of  the 
development  of  the  middle  ear,  especially  the  l)ones  of  the  middle 
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ear,  see  any  work  on  the  histogenesis  of  the  pharynx.  The  fol- 
lowing is  a  summary : 

(i)  The  tympanic  cavity  and  the  Eustachian  tube  are  developed 
from  the  first  branchial  pouch,  hence  called  the  "  tubo-tympanal 
pouchy    It  is  lined  with  hypoblast. 

(ii)  The  malleus  is  developed  from  a  part,  probably  the  cerato- 
branchial  segment, — of  the  Id  branchial  arch, 

(ill)  The  incus  is  developed  from  a  part, — probably  epibranch- 
ial  segment  of  the  Id  branchial  arch, 

(iv)  The  stapes  is  developed  as  an  osseous  deposit  in  the  liga- 
mentous connective  tissue,  connecting  the  fenestra  ovalis  with  the 
incus.  The  hole  in  the  stapes,  which  gives  it  its  distinctive  form, 
was  occasioned  originally  by  the  presence  of  an  artery,  around 
which  the  ossification  took  place. 

3.  The  Development  of  the  Labsrrinth. — The  Otocyst:  In 
the  earliest  stages  of  embryonic  development  when  the  anterior 
end  of  the  neural  tube  has  been  definitely  divided  into  primary 
fore-brain,  mid-brain,  and  hind-brain  vesicles,  there  appears  on 
either  side  of  the  hind-brain  vesicle  a  minute  pit,  which  is  in- 
vaginated  from  the  epiblast  and  therefore  lined  with  epiblast. 
This  pit,  the  beginning  otocyst,  continues  its  invagination  until  it 
divides  off  from  epiblast  and  begins  a  gradual  migration  through 
the  delicate  mesenchymal  embryonic  tissue  toward  its  future  posi- 
tion (see  Fig.  238,  A  and  B). 


Fig.  238. 


iK'vrlopiucDt  of  the  iiieinbranouM  lal>yrinth.    BeKinniiiK  of  oUtcvMt  in  the  human  embryo. 
A,  2.4  mm.  in  h'li^th  ;  H,  4  mm.  in  lentfth  ;  <'  otwvMt  of  human  embn-o  4  weeks  (HisM 
huiiiun  cmbrvo  5  weeicH  (tlis);  E,  membranous  labyrfnth  of  2  months  embryo  (His).  (MiNOT.) 


In  the  meantime  the  otocyst  rapidly  enlarges  and  by  the 
fourth  week  the  saccus  endolymphaticus  {s,  e.)  is  beginning  its 
development  (Fig.  23H,  C), 

The  third  stage  makes  the  development  of  the  semicircular 
canals  (Fig.  238,  D  and  E).  Note  the  order  in  which  these  are 
developeil.    Note  also  the  development  of  the  cochlea. 
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From  this  series  of  figures  it  is  evident  that  the  epithelial  lin- 
ing of  the  membranous  labyrinth  is  epiblastic.  At  first  composed 
of  undifferentiated  columnar  cells  there  comes  to  be,  in  man,  six 
areas  within  the  membranous  labyrinth  where  the  epithelium  is 
highly  differentiated.  Of  these  the  most  highly  specialized  is  the 
organ  of  Corti,  which  undoubtedly  represents  the  end-organ  for 
the  perception  of  sound.  Besides  the  organ  of  Corti  there  is  one 
specialized  area  in  each  semicircular  canal.  The  Crista  acuMica, 
and  one  in  the  Utriculus,  the  Macula  a/*mtica  utrimU.  ^ 

4.  SUMMABY  OF  THE  ANATOMY  AND  mSTOLGQY  OF  THE 

EAB. 

(a)  The  organ  of  hearing  is  divisible  into  (i)  external,  (ii) 
middle,  and  (iii)  internal  ear ;  or  (i)  pinna  and  meatus,  (ii) 
tympanum,  and  (in)  labyrinth.    (See  Fig.  239.) 


Fig.  239. 


Diagram  inU-ndiMl  to  illu«»trate  tbo  prooessos  of  hearing.  Afr,  external  auditory  meatus  ;  7*, 
tyninauic  menjliranv ;  A',  malleus;  a,  incus;  /*,  mi(l«lle  ear ;  o,  fenestra  ovalis  ;  r\  fenestra  ro- 
tunda: scala  tyuinani  ;  r/,  scala  vcstibuli ;  T.  vestibule;  .v,  saccule;  /'.utricle;  If,  semi- 
circular canals  ;  TK,  Kustacliian  tube.  Lonii  arrow  indicates  line  of  traction  of  tensor  tjm- 
pani ;  shurt  curved  ouv  that  of  Stapedius.    (After  L.VNixus. ) 

(/>)  The  tynipaiiuni  lios  in  a  hollow  in  the  petrous  portion  of 
the  temporal  hone.  The  tympanic  mcmhnme  (7')  cuts  it  off  from 
direct  connection  with  the  exteinial  atmosphere.  The  Eustachian 
tube  (TJ'J )  brings  it  into  indirect  coiniection  with  the  air  through 
the  pharynx  and  external  respiratory  ])assages.  The  tympanum 
consists  of  a  chain  of  bones :  the  malleus  (//),  the  incus  (a)  and 
the  stapes  (.s).  The  malleus  is  fasteneil  to  the  niembrana  tympani 
and  th(»  stapes  to  the  membrane  which  closes  the  foramen  ovalis. 

(r)  The  labyrinth  lies  within  a  cavity  in  the  j>etrou8  portion  of 
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the  temporal.  The  cavity  with  its  various  canals  is  called  the 
bony  labyrinth. 

(rf)  Within  the  cavity  of  the  bony  labyrinth,  but  very  much 
smaller  than  the  cavity  lies  the  membranous  labyrinth,  (See  Figs. 
236  and  238.)  From  the  embryology  it  is  evident  that  the 
epithelium  of  this  membraneous  labyrinth  is  epiblastic.  Between 
this  structure  and  the  bony  wall  there  is  a  considerable  space 
occupied  by  two  large  lymph  channels.  The  one  above  the  epi- 
blastic membranous  labyrinth  is  the  scala  vestibuli,  so  called  be- 
cause it  is  continuous  with  the  vestibule.    The  one  below  is 


Fig.  240. 


Section  of  one  whorl  of  cochlea. 


called  the  scala  tympani,  which  passes  into  the  foramen  rotundum 
separated  from  the  tympanum  by  a  thin  but  dense  and  strong 
membrane.  Fig.  240  shows  a  cross-section  of  one  whorl  of 
the  cochlea,  with  the  membranous  labyrinth,  marked  C.c,  (Canalis 
cochlearis)  and  the  large  lymph  spaces  al)ove  and  below. 

(e)  Note  the  little  bony  shelf  (Lamina  spindis)  which  extends 
out  from  the  inner  wall  of  the  bony  canal  and  reaches  about  three- 
fifths  of  the  way  across  to  the  outer  wall,  where  there  is  a  corre- 
sponding ridge.  The  space  between  the  spiral  lamina  and  the 
outer  ridge  is  spanned  by  a  dense  membrane  (membrana  basilaris) 
which  is  comjK)sed  in  its  2 J  spiral  turns  of  about  24,000  parallel, 
radial  fibrilhe.  The  length  of  the  fibrillae  which  constitute  the 
basihir  membrane  varies ;  /.  the  width  of  the  membrane  varies 
in  different  parts  of  the  cochlea: 

(i)  At  the  beginning  of  the  basal  coil  of  the  cochlea,  0.041  mm. 

(ii)  Average  for  basal  coil  of  cochlea,  0.21  mm. . 
(in)  Average  for  middle  coil  of  cochlea,  0.34  mm. 

(iv)  Average  for  apical  coil,  0.36  mm. 

(v)  length  at  end  of  apical  turn,  0.495. 
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The  longest  fibrilla  is  12  times  the  length  of  the  shortest  one. 

(/)  Between  the  basilar  membrane  and  the  membrane  of  Reiss- 
ner  is  the  epiblastic  end-organ  of  hearing — the  organ  of  Corti, 
whose  general  structure  is  indicated  in  Fig.  240. 

(g)  The  Organ  of  Corti  consists  essentially  of :  (i)  The  rods  or 
pillars  of  Cortiy  which  are  secured  by  the  epiblastic  cells  c  and  c' 
(Fig.  241),  and  are  chitinous  in  their  general  character,   (ii)  The 


Section  of  Corti's  ortfan  from  suinea-pig'fl  cochlea  :  ST,  scala  tynii)ani ;  TV,  tunnel  of  Corti  ; 
<t,  l>onv  tissue  of  spiral  lamina  ;  b,  fibrous  tissue  covering  same  continued  as'substanUa  propria 
of  basilar  membrane  ;  c,c',  protoplasmic  envelope  of  Corti's  pillars  (e,  e');  <f,  endothelial 
nlates  ;/,  heads  of  pillars  containing  oval  areas  ;  p,  head-plates  of  oillars  ;  A,  h',  inner  and  outer 
nair  cells  ;  m,  menihraua  reticularis  ;  A:,  I,  cells  of  Henson  and  of  Claudius  ;  n,  nerve-fibers  ;  «*, 
cells  of  Deiters.  (Piersol.) 

inner  and  outer  hair  cells  so  called  from  the  short  bristle-like  hairs 
which  extend  from  the  upper  ends.  There  are  five  rows  of  hair 
cells,  one  inner  numbering  about  3500  and  four  outer  numbering 
alx)ut  12000.  (ill)  The  supporting  cells  or  cells  of  Deiters.  (iv) 
The  reticular  membrane,  continuous  with  the  outer  ends  of  the 
rods  of  Corti  and  of  the  same  sort  of  material  as  they,  (v)  The 
filamentous  endings  of  the  auditory  nerve  about  the  proximal 
ends  of  the  hair  cells. 

(/i)  There  is  an  area  of  specialized  innervated  epithelium  in  the 
saccule  and  one  in  the  utricle. 

(j)  The  three  specialized  epithelial  areas  in  the  semicircular 
canals  have  been  depicted  and  discussed  under  Maintenance  of 
KqiuUhrium  (q.  v.). 

(k)  Fig.  240,  Tj  shows  some  typical  otoliths. 


Fio.  241. 
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THE  PHT8I0L00T  OF  HEABINO. 
1.  THE  TRANSMISSION  OF  SOUND. 
a.  Part  Played  by  the  External  Ear. 

1.  The  Pinna  or  Auricle. — The  part  which  it  plays  in  man  is 
so  slight  as  to  be  practically  disregarded.  Abnormal  projection 
of  tragus  over  mouth  of  meatus  obstructs  sound  waves. 

2.  Meatus  Extemus. — (a)  The  Calibre  is  usually  smallest 
at  inner  end  near  membrana  tympani^  though  it  is  smaller  in  the 
middle  (inner  end  of  cartilaginous  portion)  than  between  that  and 
the  membrana  tympani.  If  there  is  an  abnormal  narrowing  of 
the  inner  segment  there  is  no  impairment  of  the  hearing.  If  there 
is  an  abnormal  narrowing  of  the  outer  end  there  is  an  unmistaka- 
ble impairment  of  hearing. 

(6)  Course. — The  meatus  presents  two  segments  meeting  at  an 
obtuse  angle,  the  cartilaginous  portion  passes  upwards  and  inwards 
and  backwards,  the  bony  portion  passing  downwards,  forwards 
and  inwards.  This  makes  a  direct  transmission  impossible  ;  the 
sound  waves  must  be  reflected  at  least  twice  before  impinging 
upon  the  membrana  tympani. 

((')  Reflecting  Surfaces. — The  description  already  given 
would  lead  us  to  suppose  that  these  surfaces  are  conical  ones,  but 
the  cross-section  of  the  meatus  is  always  elliptical  in  general  out- 
line and  there  is  a  depression  on  the  posterior  wall  of  the  carti- 
laginous segment  and  one  on  the  anterior  wall  of  the  bony  segment. 
The  more  external  depression  presents  an  ellipsoidal  surface,  while 
the  more  internal  one  presents  a  paraboloid  surface.  Professor 
Dench  in  his  text-book  on  the  diseases  of  the  ear  cites  this  fact 
as  advantageous  but  avoids  telling  what  the  advantages  of  a  para- 
boloid surface  are  in  this  particular  situation.  Its  advantages  as 
a  light  reflector  when  the  light  is  placed  in  the  focus  are  familiar 
to  every  schoolboy.    What  are  its  advantages  here  ? 

{(f)  The  Hairs  and  Secretions  of  the  meatus  are  for  pro- 
tection. 

3.  The  Membrana  Tjrmpani. — (a)  Greneral  Structure  :  This 
dolicjite  membrane  possesses  a  skiuy  a  mesenchymal  framework  and 
a  hypohlastic  mucous  viembrane.  The  mesenchyme  consists  of 
inelastic  con  nerd  re  tissue  fibers  which  are  either  circular  or  radial. 
The  accompanying  figure  (Fig.  242)  shows  the  general  course  of 
the  radial  and  circular  fibers  of  the  middle  layer  or  framework 
of  the  membrane. 

(J))  The  an(fle  at  which  the  membrane  tympani  is  set  with  re- 
sj)ect  to  the  axis  of  the  bony  segment  of  the  meatus  is  not  with- 
out importance.    The  lower  half  of  the  membrane  inclines  to- 
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wards  the  nxh  of  the  meatus  leaving  an  nugh  of  about  55°  nnd 
the  upper  half  of  the  memhnviie  iueliiiei^i  still  more,  leaving  about 
45^  or  less  between  membrane  and  axis.    (See  Fig.  243.) 


Fio.  242. 


PlwtoErwphic  rei>fe*eiitinit-ij  I'l  i  IkIh  uj.  ^  i  j  i im  tv mpaiil.  Tlewed  from  vhhin.    I,  diTj^l 
liefid  uf  uiulieuE^ ;  '1,  neck  ;  A.  hv-miW,  wUh  alUiclmu'ni  a{  it^nAou  of  t'CD.'M^r  tyTii^iaul ;  4,  iltvlrl 
i«Ddon  ;  ^,  I).  Uiu^  handle  a1  uinllotki :  T,  oeUi  r  r!ii];kiiij|ic  nuil  la  aw  drciikr  AIkm^  of  trmrmu! 
juembrnUL'  ■     fibrou:^  Ting  vavirvlifig  uii^mUrnnn  tyinjiunt  ^  9,  IJ,      rli^ntAt^tl  flbei*  of  (irtihor 
If  I,  !l,  [iOHteriar  pnrki'1  lurjULM^rtiiJ^f  with  malk'us' j  12,  aiit4?ricir  pcickt't ;  13»  l^hu^lla  IjpmpHal 
Ren  te   (AfltT  FusTaud  l{t*Di>oER.) 

(r)  The  Arm  of  the  MenAniiie:  It  presents  an  elliptical  sur- 
face whose  axes  are  about  1 0  and  8  mm.  The  area  would  b^  aji- 
proximately  (a^Tzi*^ }  ri=3J41ti  x  (4*5)^^)  63.5  sq.  mm. 

{d)  The  QurMion  of  Fimdamenial  Tone :  Even'  fiKed  taut 
string  and  typienl  drum  membrane  posse^^^ses  a  fundamt-iital  tune. 
If  the  membrana  tympaai  jiossessed  a  fundament^d  t*me  it  would 
gitjatly  imjwiir  its  utility  as  a  trausmitting  membrane  for  sounds 
of  different  piteli.  The  memhrann  tpiiiMmi  the^  not  jxPSSeBS  a  fuu- 
dameutal  tone  because ;    (i)  It  is  elliptical  in  outline,    (ii)  Its 
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vibrations  are  dampened  by  the  attachment  of  the  handle  of  the 
malleus,  (iii)  The  connective  tissue  fibers  which  radiate  outward 
from  the  handle  of  the  malleus  as  a  part  of  the  substantia  propria 
of  the  membrane  are  of  various  lengths  and  of  slightly  varjnng 
tension.  A  fundamental  tone  for  the  membrana  tyinpani  w  therefore 
an  acomtic  impossibility, 

(e)  The  external  convexity  of  its  radiating  fibers:  Helmholtz 
has  shown  that  an  impulse  against  the  convex  surface  of  the 
taut  membrane  will  have  a  greater  eflfcct  in  driving  the  handle  of 
the  malleus  inward  than  would  be  the  case  if  the  taut  membrane 
were  a  plane  surface.  When  we  consider,  however,  that  the  di- 
rection of  this  increased  force  would  be  as  indicated  by  the  arrow 

Fig.  243. 


Showing   inoHiie  of  membrana 
tyinpani. 


(ly  Fig.  248,  instead  of  the  direction  of  arrow  h  the  required  di- 
rection ;  the  advantage  is  not  so  great  as  might  first  appear,  be- 
ing approximately  two-fold,  or  the  intensity  is  about  doubled. 

h.  Part  Played  by  the  Bliddle  Ear  or  Tjnnpanom. 

{(i)  The  EuHtaehian  tube  i)ermits  equalization  of  pressure  inside 
and  outside  of  the  cavity. 

(b)  The  lever  system, 

{a)  For  the  transmission  of  sound  the  malleo-incudal  combi- 
nation moves  as  one  lever,  while  the  stapes  simply  transmits  the 
movements  of  the  end  of  the  incus  to  the  oval  window. 

Q)  For  protection  of  the  membrane  which  closes  the  oval  win- 
dow and  to  which  the  stai)es  is  attacheil  the  malleo-incudal 
articulation  is  subject  to  motion  in  such  a  direction  as  to  permit 
the  handle  of  the  malleus  to  be  displaced  outward  without  carry- 
ing the  incus  with  it. 
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(y)  The  lever  arms  (Fig.  244)  have  the  ratio  6.3  mm.  to 

9.5  mm.    The  maximum  movement  of  the  end  of  the  handle  of 

the  malleus  is  0.097  mm.,  almost  1  mm.    The  distance  traveled 

0.097x6.3  , 
by  the  weight  would  be  =  ^-^  =  .0643  or  a  little  more 

than      of  a  mm.  (Helmholtz).    In  the  meantime  the  force  has 

9.5 

been  augmented  by  the  ratio  ^'^  or  about  1.5  times.  Summing 

it  up  :  the  foot  of  the  stapes  vibrates  through  two-thirds  the  amplitude 
with  1^  times  the  force  represented  in  the  vibration  of  the  mcUleus 
handle. 

Fig.  245. 


Diagram,  showing  the  shape  and  dimensions  of  the  foot  of  the  stapes  (a),  and  the  eflSdOt  of 
contraction  of  the  stapedius  muscle  {stp.),  lifting  the  "  toe"  of  the  stapes  up  fh>m  the  plane  of 
t he  foramen  (ax).    ( After  Testut. ) 

(3)  The  size  of  the  foot  of  the  stapes  : 

The  area  of  the  fenestra  =  3.8  sq.  mm. 

The  area  of  the  foot  is  2. Go  sq.  mm. 

The  area  of  the  annular  ligament  is  1.15  sq.  mm. 

('.  The  Summed-up  Force. 

(a)  As  all  of  the  energy  received  by  63.'")  sq.  mm.  of  tympanic 
membrane  is  transmitted  to  2J)r>  sq.  mm.  of  stapes  we  have  a 
proportionally  greater  intensity  of  vibration. 

(^J)  The  convexity  of  the  membrane  increased  the  intensity. 
Assume  a  ratio  of  2:1. 

(;-)  The  lever  system  increases  the  intensity  by  a  ratio  of 
9.") 

Summing  up  these  ratios  we  have  a  final  intensity  (/)  bear- 
ing the  following  ratio  to  the  initial  intensity  (/)  : 
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The  intensity  per  unit  area  is  multiplied  about  72  times  in  the 
course  of  ite  transmission.  On  the  other  hand^  the  amplitude  is 
decreased  to  only  J  of  the  original  amplitude. 

d.  The  Movements  of  the  Stapes. 

The  full-line  figure  indicates  the  position  of  the  stapes  when  the 
stapedius  muscle  Fig.  245)  is  relaxed.  The  dotted  outline  in- 
dicates the  position  of  the  stapes  when  the  muscle  is  strongly  con- 
tracted. This  shows  the  motion  of  the  stapes  to  be  a  rocking 
around  the  pivot,  p.  The  wider  area  of  the  annular  ligament  an- 
teriorly permits  the  motion.  The  maximum  amplitude  of  the 
upper  end  of  the  stapes  is  about  0.064  mm.  or  nmi.  That 
would  give  the  anterior  end  of  the  foot  an  amplitude  considerably 
more  than  mm.  and  the  posterior  end  or  heel  an  amplitude  of 
about  zero  or  even  possibly  a  slight  negative  vibration.  But  these 
are  the  conditions  when  the  pitch  is  low,  the  amplitude  of  the 
mcmbrana  tympani  great  and  the  stapedius  strongly  contracted. 
These  conditions  would  be  likely  to  exist  when  the  ear  is  re- 
ceiving loud  noises. 

In  the  reception  of  the  musical  tones  of  the  human  voice  or 
of  a  musical  instrument  it  is  not  probable  that  the  rocking  mo- 
tion exists.    The  amplitude  of  the  motion  may  be  as  little  as 

€.  The  Periljonph  of  the  Scala  Vestibnli. 

This  takes  up  the  vibrations  of  the  foot  of  the  stapes  and  trans- 
mits them  to  the  organ  of  Corti,  and  through  the  scala  tympani 
back  to  the  foramen  rotundum,  whose  membrane  serves  to  equalize 
and  temper  the  pressure  within  the  labyrinth. 

2.  THE  RECEPTION  OF  SOUND. 

The  end-organ  of  sensation  is  the  organ  of  Corti.  The  modified 
i»])iblastic  cells  are  the  hair  cells  of  the  organ  of  Corti.  About 
these  modified  epiblastic  cells,  or  special  receiving  cells,  the  den- 
drites of  the  cochlear  branch  of  the  auditory  nerve  arborize.  The 
cell  body  of  the  auditory  neuron  of  the  /  order  ^whose  dendrites 
arlwrizo  about  the  hair  cells)  lies  in  the  spiral  ganglion ;  the 
neuraxon,  neurite  or  axon  passes  to  the  sensorium  of  the  central 
nervous  system.  The  way  in  which  the  terminal  nerve  ends  are 
stimulated  is  a  matter  of  speculation. 

{a)  Helmholtz^s  Theory  briefly  expressed  is  :  1st.  The  vibra- 
tions of  the  medium  received  by  the  membrana  tympani  are  trans- 
mitted across  the  tympanic  cavity  and  to  the  perilymph  of  the 
vestibule,  with  somewliat  decreased  amplitude,  but  much  increased 
intiMisity,  as  given  in  detail  above.    2d.  The  perilymph  as  well  as 
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the  endolymph  of  various  canals  of  the  cochlea  take  up  vibrations 
which  correspond  in  number  per  second  (pitch)  with  their  own. 
3d.  The  hair-cells  resting  upon  fibrillfle  which  are  set  into  vibra- 
tion vibrate  with  the  fibrillje  and  thus  stimulate  the  nerve  fila- 
ments which  arborize  around  them. 

(6)  The  Telephone  Theory  of  Waller. — Waller's  theory  • 
makes  the  basilar  membrane  analogous  to  the  telephone  membrane 
which,  as  we  know,  may  be  thrown  into  vibrations  of  varying 
pitch,  even  reproducing  a  piece  of  music  with  its  complex  chords. 
The  movements  of  the  membrane  here  represent  a  resultant  of 
all  the  impulses  which  afiect  it,  and  bodies  resting  upon  such  a 
membrane  would  likely  be  affected  in  a  manner  analogous  to  the 
way  in  which  fine  sand  on  a  vibrating  plate  is  affected ;  /.  c, 
throw  into  an  infinite  variety  of  resultant  patterns  or  combina- 
tions. This  theory  makes  perception  of  different  tones  a  per- 
ception of  different  combinations. 

8.  THE  SENSATION  AND  PERCEPTION  OF  S0X7ND. 

a.  The  Range  of  Auditory  Sensation  and  Perception. 

1.  The  Range  of  Pitch. — (a)  The  lower  limit  is  generally  ac- 
cepted as  16  vibrations  |)er  second. 

(6)  The  upper  limit  is  far  beyond  the  upper  note  of  the  piano- 
forte, being  usually  somewhere  in  the  octave  between  C^^  and 
C^'^'  above  middle  C,  /.  e,,  representing  between  16,704  and 
33,408  vibrations  per  second.    (International  ])itch.) 

(e)  The  ranf/e  would  thus  be  for  the  human  ear  10  to  11 
octaves.  The  range  for  one  partieuhir  human  ear  would  prob- 
ably not  exceed  9  or  10  octaves,  because  an  ear  that  can  i)erceive 
33,000  vibrations  per  second  would  not  perceive  16  vibrations 
per  sei'ond  as  a  continuous  musical  tone,  but  as  a  rapid  succession 
of  noises.  Nine  octaves  may  be  accepted  as  the  avenige  limit 
for  the  individual  human  ear. 

(//)  Problems: 

(i)  If  the  human  ear  can  distinguish  musical  tones  over  a  range  of  9 
ortavcs,  how  many  librilhu  of  the  basilar  membrane  would  represent 
one  Kme? 

(II)  How  many  hair  colls  of  the  inner  row  would  represent  one  tone? 

(III)  Tf  the  human  perception  is  capable  of  distinguishing  stimuli 
affecting  two  adjacent  hair-cells,  what  fraction  of  a  tone  should  be  dif- 
ferentiated ?  * 

The  mnge  of  perception  of  ])itch  varies  with  age.  At  the  age 
of  ten  years  the  upper  limit  of  pitch  i.s  about  40,000  |)er  second 
(E^'"),  while  at  the  age  of  fit\v  vears  it  has  receded  to  about 
30,000  per  second  (B^'^). 

^  Weber  siys :  '*  AecomplishcMl  musicians  can  appreciate  difleronces  in  pitch  as 
i*mall  as        of  a  tone." 
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2.  The  Range  of  Intensity. — The  lower  limit  of  the  range 
of  intensity  represents  the  acuteness  of  the  hearing  for  faint 
sounds.  Schafhautl  says  :  "  A  person  of  acute  hearing  can  de- 
tect the  sound  made  by  a  cork  ball  weighing  one  milligram 
(0.001  gm.)  falling  one  millimeter  (1  mm.)  upon  a  glass  plate  91 
millimeters  distant  from  the  tip  of  the  tragus  and  directly  opposite 
to  the  meatus." 

b.  Judgments  Based  upon  Auditory  Sensations  and  Percep- 
tions.  Estimate  of  Distance  and  Direction 
of  Source  of  Sounds. 

This  topic  belongs  to  psychology.  It  may  be  briefly  stated 
that  the  estimate  of  direction  and  distance  is  neither  a  sensa- 
tion, a  perception,  nor  a  conception,  but  is  the  result  of  sub- 
conscious reasoning  based  upon  a  series  of  sensations,  percep- 
tions and  conceptions.  The  young  child  estimates  direction  and 
distance  only  after  many  sensations  have  been  rec^ved.  With  in- 
creasing experience  the  estimation  of  direction  and  distance  be- 
comes gradually  more  perfect.  At  first  the  result  of  a  conscious 
effort  it  becomes  eventually  subconscious — really  reflex. 


Yn.  VISION. 

INTRODUCTORY. 

1.  Ph YHioLOG I CAL  Optics. 

2.  Comparative  Physiology  of  Vision. 

3.  Embryology  of  the  Human  Eye. 

4.  Summary  of  the  Anatomy  and  Histology  of  the  Eye. 

THE  PHYSIOLOGY  OF  VISION. 

A.   Visual  Optics:  The  Eye  as  an  Optical  Instument. 

1.  Visual  Kefraction  :  The  Refractive  Apparatus  of  the  Eye. 

a.  Application  of  the  Iaiws  of  Refraction  to  the  Mammalian  Eye. 
h .  A  ccom  m  mi  alio  n . 

(1)  The  MechaiUHin  of  Accommodation. 

(2)  The  Range  of  Accommodation. 

r.  Imperfections  of  the  Refractive  Apparatus  of  the  Eye. 

2.  Visual  Mkuhanics  :  The  Directive  Apparatus  of  the  Eye. 

a.  Mtniocular  Fixation, 

h.  Binocular  Fixation  and  Convergence. 
J{.  Visual  Sensation  :  The  Eye  as  the  Sense-organ  of  Vision. 
1.    Hktinal  Stimulation. 

a.  The  stimuli. 

h.  The  Irritability  of  the  Retina. 

(1)  Fartors  Involvwl  in  Retinal  Irritability. 

(2)  Direct  ami  Indirect  Vision. 
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2.  Visual  Sensations. 

a.  Fund<imenlal  SenscUiayi^, 

(1)  Form. 

(2)  Intensity. 

(3)  Color. 

b.  Secondary  SenstUiom, 

(1)  After-images. 

(2)  Contrast. 

c.  Color-BlindntM, 

(1)  Complete  Color- Blindness. 

(2)  Yellow-Blue  Blindness. 

(3)  Red-Green  Blindness. 

(4)  Acquired. 

(5)  Normal  Color- Blindness. 

3.  Visual  Perceptions  and  Judgments. 

o.  AcuUness  of  Vision, 
b.  Visual  Estimates. 

( 1 )  E^imate  of  Distance. 

(2)  Estiipate  of  size. 


vn.  VISION. 

INTRODUOTORY. 
1.  PHYSIOLOGICAL  OPTICS, 
a.  Definitions. 

(a)  Optica  is  th£  Hcience  of  the  phenomena  of  Light.  It  com- 
prises the  study  of  the  sources  of  light ;  the  production  of  light ; 
the  propagation  of  light,  and  its  various  properties. 

(b)  Light  is  a  Mode  of  Motion.  The  luminosity  of  a 
boay  is  due  to  an  infinitely  rapid  vibratory  motion  of  its  mole- 
cules, which,  when  communicated  to  the  ether  is  propagated  in  all 
directions  in  the  form  of  spherical  waves,  and  this  vibratory  mo- 
tion, transmitted  to  the  retina,  calls  forth  the  sensation  of  vision. 
(Ganot.)  The  vibrations  of  the  ether  are  transverse  to  the  direc- 
tion of  the  undulation — /.      they  are  trausverscd  vibraiims, 

(c)  A  Luminous  Kay  is  the  directi(m  of  the  line  in  which  the 
light  is  propagated.  Every  luminous  body  emits  divergent,  rec- 
tilinear rays  from  all  points  of  its  surface,  and  in  all  directions. 

(f/)  A  Medium  is  any  space  or  substance  which  light  can  tra- 
verse.   Media  may  be  transparent,  or  translucent. 

Transparent  media  may  be  of  various  densities,  glass  is  more 
dense  than  water,  and  water  more  dense  than  air,  lower  strata  of 
air  more  dense  than  higher  strata. 

((')  The  Term  Phvsioixxucal  Ofpks  may  be  applied  to  that 
portion  of  the  general  field  of  optics  which  deals  with  the  transmis- 
sion of  light  through  the  media  of  the  organ  of  vision.  Physiological 
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optics  deals  properly  with  refraction,  though  reflection  is  also  fre- 
quently treated  under  this  head. 

b.  Reflraction. 

Prop.  i.  When  a  ray  of  light  passes  from  one  medium  into 
another  medium  in  a  line  perpendicular  to  the  plane  separating 
the  two  media,  the  ray  will  continue  its  course  in  an  unbroken 
straight  line  in  the  second  medium. 

Prop.  ii.  When  a  ray  of  light  passes  from  one  medium  into 
another  medium  in  a  line  not  perpendicular  to  the  plane  sepa- 
rating the  two  media,  the  ray  will  be  broken  at  the  surface  of  the 
second  medium. 

Fia.  246. 


9- 

Si  A  i  ^  1 

^   -^fiji  y  -^C-  

Diagram  to  illustrate  refraction. 

Prop.  hi.  The  plane  determined  by  the  two  segments  of  the 
broken  ray  is  jKirpendicular  to  the  plane  which  separates  the  two 
nuilia.  ( 'oroflary.  If  the  surface  separating  the  two  media  be  a 
curved  one  the  plane  determined  by  the  ray  will  be  perpendicular 
to  a  plane  tangent  to  the  curved  surface  at  the  point  of  intersec- 
tion of  the  ray. 

Pr()I\  IV.  If  the  second  medium  be  denser  than  the  first  me- 
dium the  angle  between  the  ray  and  the  normal  will  be  less  in 
the  second  medium  than  in  the  first  and  conversely. 
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Prop.  v.  The  ratio  between  the  sine  of  the  angle  of  incidence 
and  the  sine  of  the  angle  of  refraction  is  constant  for  any  two 
media.* 

sin  I :  sin  Riisini;  sin r. 

As  is  a  constant  for  any  particular  medium  it  is  cus- 

tomary to  use  fi  to  express  this  constant  for  air  and  each  other 
medium  respectively. 

Prop,  vi.  If  a  ray  pass  from  any  medium  through  a  denser 
medium  which  is  bounded  by  two  parallel  planes^  it  emerges  from 
the  denser  medium  in  a  line  parallel  to  its  course  before  meeting 
that  medium.    (See  Fig.  247.) 


Fig.  247. 


Diugram  showing  path  of  ray  through  a  denser  medium  bounded  by  two  parallel  sides. 

Prop.  vii.  If  a  ray  pass  from  any  medium  through  a  denser 
medium  which  is  not  bounded  by  two  parallel  planes  it  emei^es 
in  a  line  not  parallel  to  its  original  course  but  invariably  refracted 
toward  the  base.-    (Sec  Fig.  248.) 

*  A  Nnrnifil  is  a  line  perix-iuliciibir  to  the  surface  of  a  medium  at  the  point  of 
incidence.  The  anntc  of  incidt'iice  is  the  angle  between  the  incident  ray  and  the 
normal  (as  /_fi ).  The  nine  of  the  <tmjle  of  inr  'ukiK'.e  in  Fig.  240  is  the  line  aN  mc^as- 
ured  upon  the  radius  aO.  The  anqlc  of  re/rartioii  is  the  angle  between  the 
refracted  rav  and  the  normal  /_a^OS\  The  index  of  refraction  of  any  medium 
is  the  ratio  l^etween  the  sine  of  the  angle  of  refraction  in  that  medium  compared 
with  the  sine  of  the  angle  of  incidence  when  light  passes  from  air  into  the  medium 

in  question.    For  example,  index  of  refraction  for  water  =       '  —  ^  =  1.33. 
*  '  sni  r  3 

'''A  prhin  in  optics  is  any  transparent  me<lium  comprised  between  two  plane 
faces  inclined  to  each  other."  ((Tanot. )  The  apfj-  of  the  prism  is  the  line  of  in- 
tersection of  the  two  planes.  Tlie  />aj*^'  of  the  prism  is  the  boundary  surface  op- 
posite the  apex,  unless  otherwise  defined  it  is  understmKl  to  be  perpendicular  to  a 
plane  bisecting  the  angle  of  the  apex.  The  aiif/li'  of  the  prism  is  the  angle  be- 
tween the  l>otmding  planes.  The  (UKjIe  of  (kn'tititm  is  the  angle  between  the  inri- 
detU  rn\j  and  the  *mtr(/<'ut  ray. 


REFRACTION. 
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Prop.  viii.  The  rays  of  light  emitted  from  a  luminous  point 
lu  the  optical  axis  will,  on  passing  through  a  convex  lens,  be  con- 
verged toward  the  optical  axis,  i.  e.,  more  convergent  or  less 
divergent.* 

Fig.  248. 


Diagram  showing  path  of  ray  through  a  priaiu.  Note  that  the  incident  ray  is  beot  to  the 
horizontal  direction  in  the  nrisni  and  Is  refracted  again  on  emerging,  still  farther  toward  the 
tase.  If  the  two  rays  (inciuent  and  emergent)  be  extended  in  the  dotted  lines  they  will  meet 
at  an  angle  indicated  in  the  figure.  This  angle  is  called  the  angle  <^  deviation.  (Wrongly  indi- 
cated in  the  figure,  unfortunately.) 

lens  is  the  optica)  equivalent  of  an  infinite  nnmber  of  prisms  stand- 
ing ba.se  to  base. 

A  concave  lerut  is  the  optical  equivalent  of  an  infinite  number  of  prisms  standing 
apex  to  apex. 

Tiie  optical  axis  is  the  line  perpendicular  to  the  plane  of  a  lens  and  passing 
through  Its  optical  center. 

The  optical  center  is  a  point  in  the  optical  axis,  any  ra^  passing  through  which 
suffers  no  deviation. 

The  pi'incijml  focm  is  that  point  at  which  parallel  rays  meet  in  passing  through 
a  convex  len.s.  A  concave  lens  has  no  real  focus,  but  a  virtual  focus  in  the  nega- 
tive direction. 

The  principal  focal  distance  is  the  distance  between  the  optical  center  of  the  con- 
vex lens  and  the  principal  focus  (/).    (Fig.  249.) 

Fio.  249. 


Incident  ray 

\\ 

Cv 

> 

r 

/  ^ 

diagram  to  demouHtrate  the  value  of  the  principal  focal  distance  (/). 

What  is  the  vahieof  /  in  terms  of  the  known  factors:  radius  of  curvature  (r) 
and  index  of  refraction  (/i)?  Fig.  249.    Note  that:  /  /)=/r — /t;  but 
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Prop.  ix.  Rays  of  light  emitted  from  a  Imninoas  point  in  the 
optical  axis  will,  on  passing  through  a  concave  lens,  be  diverged 
from  the  optical  axis  or  ¥rill  become  more  divergent  or  less 
convergent. 


The  relAtioD  of  the  coi^ugate  fod  to  the  principal  focal  dittanoe. 


Prop.  x.  The  sum  of  the  reciprocals  of  the  conjugate  ibcal 
distances  is  equal  to  the  principal  focal  distance/  or 

^  +  i  =  3  »  or  /  =  — when  o  =  distance  of  object,  t  =  dis- 

tance  of  image,  and  /  =  principal  focal  distance. 


^  I :  ^  r : :  1: /i ;  let  ^  i  =  1,  i.  e.,  let  the  angle  of  incidence  be  taken  as  a  meas- 
ur^:  then  /r=^;  but  /_D=  /_r — Zi. =  —  1.  Suppoee  the  point 
of  incidence  /  to  be  indefinitely  near  to  0,  then  ^  lOF  and  IOC  are  right  angledf 
at  0.  /  /F0=  Z  />;  Z  I<^0  =  Z  *•  Measure  the  angles  t  and  D  by  their  com- 
mon tangent  10  which  we  will  call  /.  then  /.i'.  therefore  /_!> 

: :  / :  r;  but  Z  =  —  ^  Z  *  =  1  ;  therefore,  —  l::/:ror/=  — — r 
wliich  was  to  be  determined. 

For  a  biconvex  lens,  /'=   —  ^-    - . 

*  Omjii/ffiU'  Fftfi.  If  the  source  of  liffht  \ye  near  enough  to  the  lens  so  that  the 
RivH  are  not  |)arallel,  but  divergent,  tlie  lens  will  not  bring  them  to  a  focus  so  soon 
as  in  the  first  case,  f.  ij.y  rsi^'s  from  the  point  O  would  be  focused  at  the  point  /. 
The  distance  /*  is  by  deHnition  invariable.  The  distance  o  and  i  may  vary  at  will. 
What  is  the  relation  )>etween  these  disUmces?  (See  proposition  X. ) 
To  Solve  :     ( 1 )  When  o  =  2/;  what  is  the  value  of  <  ? 

( 2)  When  o  <^2f ;  how  does  i  compare  with  2/? 

( )  When  0  >  2/ ;  how  does  i  compare  with  2/? 

(4)  When  o  =  x  ;  what  is  the  value  of  i? 

(o)  When  o  —  /;  what  is  the  value  of  f  ? 

((>)  Does  0  vary  as  \  ;  does  i  vary  as  ^  ? 

(  7  )  (liven  o  =  20  cm.;  1  =  20  cm.;  to  find  /. 
( 8 )  ( iiven  o  =  100  cm. ;  /  =  10  cm. ;  to  find  i. 
( \) )  Given  /  =  5  cm. ;  /  =  o  m. ;  to  find  o. 

Ik-fore  proceeding  with  the  theoretical  application  of  the  laws  of  refraction  to 
the  human  eye  the  student  will  do  well  to  review  again  such  problems  as  the 
following  : 


SIMPLE  DIOPTRIC  SYSTEM. 
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A  Simple  Dioptric  System. 

The  simplest  dioptric  system  is  one  in  which  the  ray  passes 
from  one  medium  into  a  second  medium  of  diflTerent  refractive  in- 
dex, the  surface  of  separation  of  the  two  media  being  a  spherical 
surface.    In  the  accompanying  figure  (Fig.  251)  the  spherical 

Fig.  251. 


Diagram  to  show  the  cardinal  points  of  a  single  dioptric  sjstem. 

surface,      8,  /),      separates  the  medium  Mj  whose  refractive  in- 
dex is  1  from  the  medium  -JT,  whose  refractive  index  is  1.5. 
Note  the  following  cardinal  poinbt  of  a  simple  dioptric  system  : 
The  center  of  curvature  of  the  spherical  surface  (n)  in  the  nodal 
point. 

That  radius  which  is  the  center  of  symmetry  of  the  dioptric 
system  (/.  e.,  n,  p)  is  called  the  principal  axis  of  the  system.  In 
this  axis  lie  the  first  and  second  principal  fociy  f  and  /'  respec- 
tively. The  point  where  the  optical  axis  cuts  the  spherical 
surface  (/>)  is  calleil  the  principal  point.  The  plane  tangent  to 
the  spherical  surface  at  this  point  is  the  principal  plane.  Planes 
peri>endicular  to  the  optical  axis  at  f  and  /  are  called  the  first 
and  Hcvoud  jtrincipal  focal  planes  respectively. 

(xiven  the  radius  of  curvature  and  the  index  of  refraction  to  lo- 
cate upon  the  principal  axis  the  principal  foci. 

pRoHLKMs  : — ( 1 )  (liven  a  biconvex  lens,  focal  distance  =  f  to  construct  the 
iniaj^e  of  a  point  locate<l  at  o  =  2/1 

(  2)  Given  a  biconvex  lens,  focal  distance  =  /;  to  construct  the  image  of  a 
line  whofse  middle  point  lien  in  the  optical  axis  of  the  lens  and  at  a  dbtance  of  4/ 
from  the  optical  center  of  the  lens. 

(3)  (liven  a  biconvex  lens  whose  radius  of  curvature  for  both  surfaces  is  equal 
to  its  focal  distance  to  determine  the  index  of  refraction  of  the  lens  substance. 

( 4 )  Given  a  biconvex  lens  whose  radius  of  curvature  is  5  cm.,  for  both  surfaces 
and  wliose  index  of  refraction  is  1.5  ;  to  construct  the  image  of  a  line  2  cm.  in 
len^h  1  to  the  optical  axb  and  one  of  whose  extremities  lies  in  the  optical  axis 
at  a  di>«Uinc'e  of  10  cm.  from  the  optical  center. 

What  are  the  dimensions  of  the  image? 

(.'))  Sup^>ose  the  object  in  the  above  problem  be  removed  to  a  distance  of  20 
cm.,  what  is  the  len^h  of  the  image?  What  are  the  limits  of  size  of  image  for 
varying  distanct^  of  the  object. 

( () )  If  the  distance  of  the  image  remains  the  same  and  if  its  length  remains  the 
same  how  lon^  must  the  object  be  in  terms  of  length  of  image  (/),  when  the  object 
is  l(»cate<i  at  a  distance  o  =  2/  from  the  optical  center  of  the  lens.  At  distance 
u  =  4/;  y=10/;  o  =  100/;  o=  1000/? 
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Neumann  has  given  the  following  construction : 
(i)  Erect  at  n  and  })  per|)endieular8  to  the  principal  axis,  (ll) 
Lay  off,  upon  each,  the  two  indices  of  refraction  of  the  two  media 
measurcil  from  the  origin  of  each  perpendicular,  in  the  same  linear 
units  used  in  measuring  the  radius.  In  the  figure  let  nc  and  jxl 
represent  the  index  of  refraction  of  the  medium  Jf,  and  na  and 
pb  the  index  of  refraction  of  medium  J/'.  The  oontinuation  of 
line  ad  cuts  the  principal  axis  in  the  point /  the  first  principal 
focus,  while  the  line  he  cuts  it  in  the  point  f,  the  second  princi- 
pal focus.  The  geometrical  figure  shows  the  following  important 
properties  of  the  dioptric  system  : 

(i)  The  distance  from  the  first  principal  focus  to  the  principal 
point  equals  the  distance  from  the  second  principal  focus  to  the 
nmlal  point. 

(1)  Mathematically  expressed  :  pf  =  nf. 

(ii)  The  ratio  of  the  second  focal  distance  (  j^f)  ^  ^®  &rst 
(pf)  is  ei[ual  to  the  ratio  of  the  index  of  refraction  of  the  sec- 
ond medium  {M')  to  that  of  the  first  {3iy 

(2)  Mathematically  expressed  :  pf  :  pf  =  ji  :  /i'. 

But  if/;/*  =  nf,  substitute  the  value  in  the  second  equation  ; 


(3)  nf  xpf  =  ii:ii^; 

assume  the  medium  J/ to  have  an  index  of  refraction  //=  1. 

(-1)  "/ 

 X//'; 

or,  more  concisely, 

(o')  j)=  fl^t). 


(See    and  n  in  Fig.  251.) 

This  derived  property  of  construction  merits  a  separate  formu- 
lation. 

(  Ill)  The  distiin(»e  from  the  second  principal  focus  to  the  princi- 
pal point  ecpiiils  the  product  of  the  distance  from  that  focus  to 
nodal  point  multiplied  by  the  in<lex  of  refraction  of  the  second 
medium  (y;=//'//) ;  or  usinjr  values/ and  /'  ami  /•  for  the  first  and 
second  principal  foci  an<l  the  radius,  the  law  may  be  thus  formu- 
late<l  :  the  first  principal  focal  distance  plus  the  radius  of  curva- 
ture e<jual  the  j)roduct  of  the  sccon<l  principal  focal  distance 
multiplie<l  bv  the  index  of  refraction  of  the  second  medium 
(/+>•=///). 

Note  in  achlition  the  following  facts  regarding  the  effect  of  such 
a  dioptric  system  upon  light. 


*  l^efraction  and  Acfomnio  lation  of  the  Eye. — Landolt,  p.  85. 
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Fig. 


1st.  The  ray  rs  meeting  the  spherical  surface  perpendicularly, 
will  not  be  refracted  at  «,  but  will  pass  on  through  the  nodal  point. 

2d.  The  ray  r'«',  parallel  to  the  principal  axis  in  the  first 
medium  is  refracted  at  the  spherical  surface  and  cuts  the  principal 
axis  at/', — it  passes  through  the  second  princi})al  focus. 

3d.  The  ray  V,  cutting  the  principal  axis  at  /  in  the  first 
medium  (31),  is  refracted  at  and  traverses  the  second  medium 
parallel  to  the  principal  axis.* 

2.    COMPAEATIVE  PHYSIOLOGY  OF  VISION. 

The  most  primitive  manifestation  of  sensitiveness  to  light  is  that 
manifested  by  most  unicellular  organisms.  Most  protophyta  gather 
upon  the  best  illuminated  side  of  an  aquarium. 
Most  multicellular  algje  show  sensitiveness  to 
light  either  by  movements  of  the  plant  as  a  whole 
or  by  movements  of  the  chlorophyll  grains  with- 
in the  j>lant  cell.  One  can  recall  various  ex- 
amples of  light  stimulation — heliotropism — in 
higher  plants.  But  plants  have  no  specialized 
organs  responsive  to  light ;  simply  primordial 
protoplasm  and  the  green  pigment  chlorophyll. 

Many  protozoa  show  a  sensitiveness  to  light. 
Pelamyxa  and  Pleuronema,  amoeba-like  ani- 
mals, bcjth  contract  all  pseudopodia  when  light 
foils  w\fon  them.  If  one  side  of  an  aquarium 
is  in  deep  shade  these  protozoa  present  in  the 
aquarium  will  always  be  found  there. 

Many  vwlentemta  possess  eye-spots  which 
must  be  recognized  as  the  most  primitive  organ 
of  vision.  The  eye  spots  are  simply  patches 
of  pigment  which  are  more  sensitive  to  light 
than  is  protoplasm  generally. 

Ei'hlnodenm  |K)ssess  these  primitive  eyes  in  a 
very  simple  Ibrm.  The  eye  spots  at  the  end  of  a 
stiirfisli's  arms  consist  of  a  group  of  little  invagi- 
nated  pits,  the  cells  of  which  are  developed  from 
a  red  pigment,  and  are  in  communication  with 
the  nerve-ring  through  sj>ecial  sensory  nerve- 
fibers. 

TurlK'llarians  {vermes)  have  eyes  in  which  the  pigment-contain- 
ing cells  are  differentiated  from  the  sensitive  cells.    Some  of  these 

>  Problems  :  I.  (  onstruct  the  image  of  a  line  whiKic  central  point  is  in  the 
l>riiu  ij>al  axis  ut  a  distance  ((/)  from  the  nodal  point. 

II.  (iivi'H  the  K'n^th  of  the  object  (/)  at  the  distance  (d)  to  determine  the 
Icii^tli  i>f  the  imnKC  (/)  in  terms  of     rf,  and /  (tht>  focal  distance). 

III.  (iivcn  /,  (I,  /•,  / and  fi  (the  index  of  refraction)  to  determine  the  length  of 
tlu*  iruajje  in  terms  of     </,  //  and  r. 


Part  of  the  compound 
eye  of  Phryganea,  an 
anthropod.  The  retinal 
celln  are  seen  to  be 
unite<l  into  a  retinula. 
r,  which  is  ditrerentiatetl 
into  a  rhabdoni,  m,  pos- 
teriorly ;  c.  r,  crystalline 
cone ;  /,  facet  of  com' 
pound  eye;  pg, 
(From  Bell  al 

MOCURB.) 


pigment, 
after  Ore- 
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Fig.  2o3. 


low  worms  have  several  hundred  eyes,  but  the  higher  wonns  are 
represented  by  the  polychaetse,  which  have  a  pair  in  each  segment, 
each  eye  having  a  lens,  a  gelatinous  vitreous  humor,  a  layer  of 
rods  and  a  layer  of  pigment.    The  common  earthworm  is  blind. 

The  molluscs  which  are  not  blind  have  more  primitive  eyes  than 
the  higher  worms.  The  cephalopod  mollusc,  however,  has  a 
highly  developed  eye,  comprising  a  cornea,  a  lens,  a  ciliary  body, 
a  retina  with  internal  and  external  layers,  a  pigment  layer  (cho- 
roid), an  optic  nerve.  The  eye  is  subspherical  in  shape  and  is 
protected  by  spherical  fibrous  layers  homologous  with  the  sclera 
of  a  vertebrate's  eyes. 

The  arthropoda  show  a  remarkably  perfect  development  in  an- 
other direction  ;   in  the  compound  eye.    The  highest  Crustacea 

and  insecta  possess  a  pair  of  these  eyes, 
each  having  many  hundred  facets  each 
witli  its  minute  lens  (corneal  facet),  its 
pigment  sheath  and  its  retinule  homol- 
ogous to  retina  of  a  simple  eye.  (Fig. 
252.^ 

The  vertebrata  all  have  eyes  not  very 
unlike  those  of  man  which  may  be 
taken  as  a  type  of  vertebrate  eye. 

3.  EMBBTOLOGT  OF  THE  HUMAN 
£T£.  (Hertwig's  Summary.) 

1.  The  lateral  walls  of  the  primary 
fore-brain  vesicle  are  evaginated  to 
form  optic  vesicles.  (Figs.  253  and 
254.) 

2.  The  optic  vesicles,  remain  united 
by  means  of  a  stalk  the  future  optic 
nerve,  with  that  part  of  the  primary 
fore-brain  vesicle  which  becomes  the 
Thalamencephalon. 

3.  The  optic  vesicle  is  converted 
into  the  optic  cup  through  the  invagi- 
nation of  its  lateral  and  lower  walls  by  the  fundaments  of  the  lens 
and  the  vitreous  body. 

4.  At  the  place  where  the  lateral  wall  of  the  primary  optic 
vesicle  encounters  the  outer  germ-layer,  the  latter  becomes  thick- 
ened, then  depressed  into  a  pit  and  finally  constricted  oflF  as  a  lens. 
(Figs.  255,  256  and  257.) 

5.  The  cells  of  the  posterior  wall  of  the  lens  vesicle  grow  out 
into  the  lens-fibers,  those  of  the  anterior  wall  become  the  lens 
epithelium.    (Figs.  257,  260  and  261.) 


ChUk.    48hrs.  (KOlliker.) 
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6.  The  fundament  of  the  lens  is  enveloped  at  the  time  of 
its  principal  growth  by  a  vascular  capsule  (tunica  vasculosa  lends) 
which  afterwards  entirely  disappears  except  as  given  in  7. 


Fio.  254.  Fig.  255. 


Cross-section  head  of  fish  embryo.   (Bal-  From  48-hour  chick.  (Mab- 

FOUR.)  SHALL.) 


7.  Its  anterior  {lart  becomes  the  transparent  anterior  part  of 
the  lens  capsule.    (Fig.  260.) 


Fig.  256.  Fio.  257. 


lloriz«»ntal-j«ivtion  54-hour  chick.    (KOl-  Cross-«ection  64-hour  chick.  (Mab- 

-IIKKR.)  SHALL.) 


S.  The  development  of  the  vitreous  body  is  associated  with 
the  formation  of  the  choroid  fissure.    (Figs.  258  and  259.) 
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9.  The  optic  capsule  has  double  walls  (inner  and  outer  epi- 
thelial) which  are  continuous  with  each  other  at  the  opening  of 
the  cup  around  the  lens  and  along  the  choroid  fissure.  (Figs. 
256,  257  and  258.) 


Fio.  269. 


Diagram  showing  cho-  Cross-section  distal  part  of  optic  nenre 

roid  fissure.  13-day  rabbit  (Minot.) 

10.  Mesenchymic  cells  migrate  in  between  the  lens  and  some- 
what closely  applied  epidermis  to  form  the  cornea  and  Descemef  s 
membrane,  the  latter  being  separated  from  tunica  vasculosa  lentis 
by  a  fissure — anterior  chamber  (Figs.  260  and  261). 

11.  The  optic  cup  is  difiFeren- 
tiated  into  a  posterior  part  within 
which  its  inner  layer  becomes 
thickened  and  constitutes  the  ret- 
ina and  an  anterior  part  which  be- 
gins at  the  ora  serrata,  becomes 
much  more  reduced  in  thickness 
and  extends  over  the  front  sur- 
face of  the  lens,  growing  into  the 
anterior  chamber  of  the  eye  until 
the  originally  wide  opening  of  the 
cup  is  reduced  relatively  to  the  size 
of  the  pupil. 

12.  The  anterior  attenuated  por- 
tion of  the  cup  is,  in  turn,  divided 
into  two  zones  of  which  the  pos- 
terior zone  becomes  folded  at  the 

Horizontal  section  04-<lay  rabbit.  (Note  eClUator  of  thc  IcnS  tO  foHU  the 
invasion  of  mesenchyme.)    (KOlliker.)       ,\,  .  •  /» 

ciliary  processes,  whereas  m  tront 
it  remains  smooth,  so  that  the  whole  cup  three  parts  may  be  dis- 
tinguished :  Retina  propria.  Pars  ciliaris  retinte.  Pars  iridica  re- 
tina (Fig.  261). 

13.  Corresponding  to  the  three  portions  of  the  epithelial  optic 
cup,  the  adjoining  mesenchymal  envelope  (choroid)  takes  on  some- 
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what  different  conditions  as  :  (a)  Choroid  proper  ;  (6)  Connective 
tissue  stroma  of  ciliary  body  and  ciliary  muscles  ;  (c)  Connective 
tissue  stroma  of  iris  and  muscles  of  iris. 


Fig.  261. 


From  section  of  eye  of  13-day  chick. 


14.  The  skin  >surrounding  the  cornea  becomes  infolded  to  form 
the  upjM^r  and  lower  eyelids  and  the  nictitating  membrane  (rudi- 
mentary in  man  as  the  plica  semilunaris). 

lo.  The  epithelial  layers  of  the  edges  of  the  two  eyelids  grow 
together  in  the  la^t  three  months  of  development  but  become 
separated  again  before  birth. 

The  Development  of  the  Optic  Nerve. 

K).  That  part  of  the  central  nervous  system  between  the  re- 
tinal cup  aii<l  the  thalamencephalon  is  the  fundament  of  the  optic 
nerve.  LiclxTkuhn  believcKl  that  the  nerve-fil)ers  are  develoj)ed  in 
liKut  from  the  e(»lls  surrounding  the  hollow  stalk.  Such  fibers  would 
be  li()m()l()p>us  to  intra-centnil  commissural  fibers.  He  observed 
outfrrowths  from  these  cells  but  he  did  not  trace  their  course  or 
history. 

17.  His,  Kolliker,  W.  Midler  an<l  others  presi»nted  the  theory 
that  the  cells  which  Lieberkiilin  described  simj)ly  formed  support- 
in^r  tissue  and  that  the  fibers  made  their  way  in  from  without. 

IH.  Ills,  Kollikcr  and  others  believed  that  the  fibers  origi- 
nated in  the  thalamencephalon  and  grew  outward  toward  the  retina 
thi-ou^h  optic  nerve  fundament. 

U).  Vs.  Mi'iller  from  observations  on  [Xitromyzon  contended 
that  the  libeis  grow  inward  from  sense  cells  in  the  retina.  T^attT 
he  has  been  joined  by  His,  Kiebel,  Froriep,  Kollikerand  Edinger. 
\V2 


498 


SENSATION:  VISION. 


4.    SUMMARY  OF  THE  ANATOMY  AND  HISTOLOGY  OF 

THE  EYE. 

The  followiDg  features  of  the  anatomy  of  the  eye  are  of  special 
importance  in  the  discussion  of  the  function  of  the  organ, 

(a)  The  eye  is  nearly  spherical  in  form  and  possesses  three 
coats  :  (i)  A  very  dense  strong  outer  coat, — the  sclera,  modified 
anteriorly  into  a  transparent  cornea.   (Fig.  262,  2, 3.)   (ii)  A  very 


Fig.  262. 


Horizontal  set'tion  of  the  ri^lit  cyobuU.  1,  optio  uerve  ;  2,  scU'rotic  coat ;  3,  cornea  ;  4,  canal 
of  Schlonini;  5,  choroid  coat  :  «»,  ciliary  muscle  ;  7.  iris  ;  s,  cry.Htalline  Ions  ;  9,  retina ;  10, hyaloid 
membrane;  11,  canal  of  I'etit  ;  11*.  vitreous  body  ;  i:{,  at[uc<»us  humor.  0>altox.) 

vascular  middle  layer — the  choroid,  jngmcnted  to  brownish-black 
color  internally.  Anteriorly  this  coat  has  an  aperture — the  pupil 
— and  is  nioditied  in  the  region  surrounding  the  pupil  into  an 
opaque  pigmented  contracting  and  expanding  diaphragm.  The 
contraction  of  the  pupil  is  aceoniplishcd  by  circular  muscles  while 
its  exj>ansion  is  brought  about  by  radial  muscles,  (iii)  The  retinal 
cup  with  its  outer  hiyer  of  j)igment  cells  and  its  inner  cerebro- 
neuro-epitlielial  layer.  Th(^  retina  is  modified  anteriorly,  possess- 
ing a  ciliary  and  an  irideal  portion  which  line  the  ciliary  l)ody  and 
iris  respectively. 

(/>)  The  eyeball  is  occupied  l)y  the  principal  rifntdive  media  of 
the  eye  ;  (l)  The  lcn}<  just  behind  the  iris  ;  (ll)  the  aqueous  humor 
between  the  lens  and  the  cornea  ;  (in)  the  rifmms  hmndr  back  of 
the  lens. 
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(c)  The  lens  is  held  in  position  by  the  suspensory  ligament 
whose  radiating  fibers  pass  out  and  come  into  intimate  contact 
with  the  pars  ciliaris  retinae. 

(d)  The  ciliary  body  (Fig.  263)  consist  essentially  of  two  sets 
of  muscle  fibers  :  (i)  The  meridional  fibers  which  extend  from  the 
annular  tendon  (Fig.  263,  e)  backwards  gradually  merging  into  the 
stroma  of  the  choroid  as  indicated  in  the  figures  ;  (ii)  the  annular 
fibers  which  form  a  ring  around  the  inner  margin  of  the  ciliary 
body. 

Fio.  263. 


Section  of  the  ciliary  region  of  the  eve  in  man.  a,  meridional  muscular  fasciculi  of  the  mus- 
culu8  ciliuris  ;  b,  deeper-seated  radiating  fasciculi ;  r,  c,  r,  annular  plexus  ;  </,  annular  muscle 
of  MiUler  ;  /,-  muscular  lamina  on  the  posterior  surface  of  the  iris  ;  g,  muscular  plexus  at  the 
ciliary  border  of  the  iris ;  e,  annular  tendon  of  the  musculus  ciliaris  ;  h,  ligamentum  pecti- 
natum.    (After  Fostkk.) 

(f)  The  retina  presents  an  outer  layer  of  black,  pigment  cells 
and  an  inner  layer  which  represents  the  end-organ  of  vision  (Fig. 
2G4).  The  inner  layer  is  subdivided  into  a  neuro-epithelial  and 
a  cerebral  layer,  (i)  The  iwuro-epifhrlial  layer  comprises,  besides 
a  supporting  epithelium  (not  shown  in  the  figure)  an  epithelium 
sensitive  to  light.  These  specialized  cells  remind  one  strongly  of 
the  fila  olfactoria.  The  rods  especially  present  the  elements  of  a 
typical  neuron  :  the  afferent  member  (a),  the  body  (6)  and  the 
efferent  member  (c).  The  cone^<  are  not  very  different  (see  Fig. 
2()4).  The  efferent  member  of  these  epithelial  neurons  arborize 
in  the  outer  reticular  layer  with  the  neurons  of  the  cerebral  layer. 
Like  the  mitnil  cells  of  the  olfactory  lobe  (7.  i\)  these  neurons  of 
second  order  arborize  with  several  of  the  epithelial  neurons. 
(11)  The  eereljral  layer  consists  of  two  series  of  neurons  whose  cell 
l)o<lies  form  the  inner  nuclear  layer  and  the  ganglion  cell  layer. 
These  two  series  of  neurons  differ  slightly  as  to  the  disposition  of 
their  parts.  Those  which  connect  with  the  cones  arborize  with 
tli<'  ^anjrli(Hi  cells  in  the  inner  n»ticular  layer;  those  which  con- 
nect with  the  rods  arborize  around  the  bodies  of  the  ganglion  cells 
in  the  jran^l ionic  layer.  The  neuraxons  of  the  ganglion  cells 
pass  along  the  inner  surface  of  the  retina,  /.  e,,  next  to  the  vitreous 
liuiuor,  to  join  with  the  fil)ers  making  the  optic  nerve. 
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(/)  The  eyeball  rests  in  a  bony  socket  on  a  bed  of  fat.  It  is 
provided  with  lids,  lashes  and  brows  and  a  lachrymal  apparatus 
by  way  of  protection ;  and  with  four  straight  and  two  oblique 

Fig.  264. 
Vitreous  body. 


Choroid  = 

uiid 
Sclera 


Diagram  showing  thr  essential  structures  <»f  the  retina.  Note  that  the  up^)er  part  of  the  figure 
is  that  whieh  is  next  to  tlie  vitreous  body,  or  the  inner  surface  of  the  retina,  while  the  lower 
part  is  the  other  s\irfaee  (»f  the  retina.    (Cajal's  liKure,  somewhat  modified.) 

muscles  to  direct  it.  The  straight  muscles  arc  superior,  external, 
inferior  an<l  internal  recti.  The  obli([Ue  nuiscles  arc  the  superior 
and  inferior  obliijuc. 

THE  PHYSIOLOGY  OF  VISION. 

If  the  student  has  masteiTd  the  general  principles  of  refraction, 
and  has  familiarized  himself  with  the  structure  of  the  eye  he  is 
ready  to  cousidcr  the  function  of  the  organ. 

Vision  comprises  two  distinct  phases  of  activity  :  (i)  Optica/ 
in  which  phase  the  eye  as  an  optical  instrument  focuses  upon  the 
retina  images  ol' objects  ;  (ii)  Srnsorif  m  which  the  sensorium  is 
ma<le  conscious  of  the  form  and  color  of  the  image  through  the 
neuro-epithelial  cells — I'ods  and  cones — and  the  two  orders  of 
sensory  neurons. 
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A.  VISUAL  OPTICS:  THE  EYE  AS  AN  OPTICAL 
INSTRUMENT. 

Possessing  a  lens,  with  an  adjustable  focal  distance,  a  dia- 
phragm with  an  adjustable  aperture,  a  pigment  lining  for  absorp- 
tion of  dispersed  light,  and  a  screen  for  the  reception  of  the 
image,  the  eye  must  at  once  be  recognized  as  a  typical  optical  in- 
strument. Used  as  it  is  for  viewing  distant  objects  whose  image 
is  infinitesimal  compared  with  the  object,  the  eye  resembles  a 
telescope.  But  the  adjustable  diaphragm  in  front  of  the  lens,  and 
the  scream  for  the  reception  of  the  image  are  points  which  make 
it  more  strongly  resemble  the  photographic  camera. 

All  of  the  optical  instruments  consist  of  two  distinct  mechan- 
isms :  (i)  a  refractive  apparatus  for  focusing  the  rays  of  light, 
(ii)  a  (Urcdive  apparatus  for  directing  the  axis  of  the  instrument 
at  the  object  whose  image  is  to  be  viewed. 

1.   YISUAL  BEFBACTION:  THE  BEFBACTIVE  APPARATUS 

OF  THE  ETE. 

Before  entering  upon  the  consideration  of  this  topic  it  might  be 
interesting  to  note  that  the  mechanical  and  thermal  stimuli  of 
one^s  environment  are  ([uite  unmodified  preparatory  to  their  stimu- 
lation of  the  sensory  end-organs,  and  the  pressures  and  tensions 
and  tem|)erature  act  directly  upon  the  sense-organs  transmitted 
j>ractically  unmodifieil  through  the  superficial  layers  of  the  cuticle. 
The  ch(»mical  agents,  however,  which  serve  to  stimulate  the  sen- 
sory nerves  of  smell  and  tiiste  must  enter  into  solution  before 
the  end-orgiuis  are  stimulated.  Furthermore  the  vibrations  of 
ponderable  matter  must  be  condensed  and  intensified  by  the 
transmitting  apparatus  of  the  ear  before  they  can  sufficiently 
stimulate  the  end-organs  of  hearing. 

Finally  the  vibrations  of  the  im|X)nderable,  luminiferous  ether 
can  only  be  recognized  as  light  by  the  primitive  eye  s|)ots  of  the 
cfelenterates  and  echiiKKlerms.  Nature  has,  through  the  lajxse  of 
the  ages,  evolv(»d  a  visual  sense-organ  which  is  able  to  recognize 
not  only  the  difference  between  light  and  darkness,  but  also  to 
perceive  the  form  and  color  of  distant  objects.  In  onler  to  ac- 
complish this,  rays  of  light  are  focused  into  a  clearly  definecl 
image  through  the  refractive  apparatus  of  the  eye. 

a.  Application  of  the  Laws  of  Refraction  to  the  Mammalian 

Eye. 

The  dissection  of  an  eye  reveals  several  refractive  media  (cornea, 
a(jueous  humor,  lens,  and  vitreous  humor)  and  several  curved 
surfaces  bounding  these  media.    In  determining  the  focal  distance 
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of  a  lens  one  must  know  the  radius  of  curvature  and  the  refractive 
index.  In  determining  the  focal  distance  of  a  system  of  refractive 
media  and  surfaces  one  must  know  (1)  the  radius  of  curvature  of 
each  surface,  (2)  the  refractive  index  of  each  medium,  and  (3)  the 
location  of  their  cardinal  points  upon  the  principal  axis  of  the 
system. 

The  mammalian  eye  receives  its  light  through  media  and  sur- 
faces, as  indicated  in  the  following : 

Surface.  Radios. 


Over  Ant.  Surf.  Cornea.  7.829-1- mm. 

Ant.  Corneal  Surface.  7.829-f-nini. 

Post.  Corneal  Surfaci'.  7.829— mm. 

Ant.  Surfa^-e.  10.0  mm. 

Post,  .•^urfaee.  6.0  mm. 

This  array  of  media  and  surfaces  would  seem  to  make  a  problem 
too  intricate  to  solve  with  the  means  at  our  disposal.  Notice,  first 
that  the  tear  film  and  the  ant.  and  post,  corneal  surfaces  have  the 
same  radius  of  curvature ;  /.  v,,  though  curved  surfaces  they  are 
parallel  and  form  a  ca'^e  under  the  following  theorem  :  "  If  a  ray 
pass  from  any  medium  through  a  denser  medium  which  is  bounded 


Fio.  2(i5. 


Showing  Xhr  n>:itlirm:ui<.al  Iratun  s  of  the  n'diK  rtl  rye.  F«»r  detailotl  explanation  of  the  fig- 
ure st-e  t«'Xt  (1),  (J)  ami  ['.'•).    The  fi;^ure  i-*  iiuiltiplird  hy  five  in  it>  linear  dimensions. 

by  two  parallel  phuu'.s  it  emerges  from  the  den.ser  medium  in  a 
line  parallel  to  its  eour.'^e  before  entering  that  nie<liiim.'^  It  is 
eustoinary  at  this  point  to  take  tlie  anterior  surfaee  of  the  cornea 
as  the  first  refractive  surface  and  ft  =  \  .'V-H)'), 

Notice  that  the  index  of  refraction  of  tlie  aqueous  linmor  and 
vitreous  hinnor  are  the  same.     Jt  is  now  evident  that  we  have  to 


Refraction. 

Air.  1.000 

Tear  Film.  l.xm 

Cornea.  l.'XVH 

A(|.  Humor.  l.'.WiTi 

l^nM.  1.4:t71 

Vit.  Humor.  l.mi 
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deal  with  three  media  (air,  aqueous  or  vitreous  hmnor,  and  lens), 
with  three  surfaces  (ant.  corneal  surface,  ant.  and  post,  lens  sur- 
face), whose  radii  are  7.829,  6  and  10  respectively.  But  even 
this  great  step  toward  simplifying  the  problem  leaves  us  with  a 
long  road  before  us  unless  we  can  find  a  short  cut.  "  It  has  been 
shown  mathematically  that  a  complex  optical  system  consisting  of 
several  surfaces  and  media,  centered  on  a  common  optical  axis, 
may  be  treated  as  if  it  consisted  of  two  surfaces  only.''  (Text- 
book of  Physiology— Foster,  1891— Vol.  IV.,  p.  9.)  The  loca- 
tion of  these  surfaces  and  the  cardinal  points  is  given  as  follows 
by  Landolt : 

1.  The  Normal  Eye. — The  point  /•  (Fig.  265)  where  the  prin- 
cipal axis  cuts  the  cornea  is  22.8237  mm.  from  the  second  prin- 
cipal focus  /'  (the  retina);  c,  the  center  of  curvature  of  the  cor- 
nea ;  8,  the  point  where  the  optical  axis  cuts  the  anterior  surface 
of  the  lens,  is  3.6  mm.  from  r,  the  point  where  the  optical  axis 
cuts  the  posterior  surface  of  the  lens  7.2  mm.  from  r ;  /,  the  cen- 
ter of  curvature  of  ant.  surface  of  lens ;  Z',  the  center  of  curva- 
ture of  posterior  surface  of  lens. 

2.  The  Accurate  Mathematical  Reduction. — The  reduction 
referred  to  in  the  text  above  is  represented  by  the  two  refractive 
surfaces  with  nodal  points  n  and  /i',  radii  of  5.215  mm.  each  and 
cutting  the  optical  axis  at  p  and  p' ,  located  1.7532  mm.  and  2.11 
mm.  respectively  from  r. 

3.  The  Final  Approximate  Reduction. — Note  that  p  is  less 
than  0.36  mm.  from  One  may  assume  one  nodal  point  N,  and 
one  rcfnidinf/  surface  between  the  computed  ones,  cutting  the 
principal  axis  at  P,  and  introduce  an  error  too  slight  to  be  con- 
sidered. But  this  brings  us  back  to  the  simplest  possible  clioptric 
sf/sfcm,''  already  described. 

Having  reduced  the  eye  to  a  simple  dioptric  system  and  having 
familiarized  himself  with  the  optical  properties  of  the  simple 
dioptric  system  the  student  may  now  profitably  consider  some  of 
the  practical  aj>plications  of  the  optical  properties. 

4.  The  Visual  Angle. — The  visual  angle  is  the  angle  which  the 
object  subtends  at  the  nodal  point — the  angle  v  in  Fig.  266. 
This  angle  is  measured  by  its  tangent ;  for  very  large  angles,  i.  e., 
when  a  large  object  is  viewed  at  ver>'  near  range — the  tangent 

should  be  measured  upon  the  distance  d :  tangent  r'  =  ^  =  —  ; 

the  angle  r  =  2  angle  r'.    For  medium  and  for  small  angles 

it  is  sufficiently  exact  to  use  the  form  :  tangent  v  =     =     .  It 

is  evi(l(Mit  that  the  objec^t  o  subtends  the  same  angle  as  does  the 
object  O  and  its  length  measured  uj)on  its  distance  gives  the  same 
visual  angle  r  ;  to  be  concrete  :  a  cent  held  near  enough  to  the  eye 
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could  obscure  a  great  edifice  which  is  some  distance  away.  Helm- 
holtz  determined  the  minimum  visual  angle  to  be  50  seconds. 
The  maximum  visual  angle  for  direct  and  distinct  vision  is  Dot 
great,  say  3°-5°,  but  varj-ing  considerably  with  different  indi- 
viduals. The  maximum  visual  angle  for  indirect  vision  is  very- 
great — for  a  white  or  luminous  body  being  50°-60°  to  the  me- 
dian side  of  the  line  of  vision,  60°  above  the  line  of  vision,  70** 
below  the  line  of  vision  and  more  than  90°  laterally  from  the 
line  of  vision,  or  over  150°  in  the  horizontal  plane  and  about 
130°  in  the  vertical  plane.    (See  perimeter  chart,  Fig.  273.) 

Fig.  266. 


']7  - 

p  r^- — 

J 

d 

IlluMtrating  the  ritual  angle  {r)  and  the  relation  of  the  distance  (<f)  to  the  length  of  the  object 
<o)  and  image  (0.   .V,  the  nodal  point ;  n,  the  focal  distance,  the  image  being  on  the  retina. 

o.  The  Line  of  Vision. — Reference  has  been  made  to  the  line 
of  vision.  This  is  the  line  determined  by  the  nodal  point  of  the 
eye  and  the    point  of  fixation  "  or  the  point  at  which  the  eye  is 

Fig.  267. 


IIlu.-«traliiii,'  tin-  opticil  axi-n  an»l  vi-ual  lino.  Anirl*'  a  .7-.  /•'.  fovoa  c('iitrali>,  or  central 
pit      tin.'  iiiaciila  liir<'a  :  't.lK,  <)pti<-  disc,  <»r  Miinl  spot,  marking  tlu'  ciitraijct'  of  tho  t»ptie  nerve. 


dircctiMl.  Within  tlie  cyt'  the  extended  line  of  vision  as  just  de- 
fined meets  the  retina  in  the  (M»nter  of  the  maijula  lutea,  in  the 
fovea  rctifrfi/ls.    This  line  of  vision  <loes  not  lie  in  the  nifithrmat- 


APPLICATION  OF  THE  LAWS  OF  REFRACTION, 


505 


icxil  axis  of  the  cornea,  lens  or  vitreous  humor,  but  crosses  the 
matheniatical-optical  axis  in  the  nodal  point.  It  meets  the  retina 
between  the  fovea  and  optic  disc,  and  passes  through  the  center  of 
the  cornea  while  the  line  of  vision  passes  the  cornea  to  the  median 
side  of  the  optical  axis.  '  The  angle  between  the  optical  axis  and 
the  line  of  vision  is  one  of  about  5  degrees.    (See  Fig.  267.) 

0.  The  Size  of  the  Retinal  Image. — Given  the  distance  of 
the  object  (d)  the  size  of  the  object  (/)  and  the  distance  from  the 
nodal  point  to  the  retina  it  is  very  simple  to  compute  the  size 
of  the  retinal  image  {x)  from  the  equation  :  x:  n  =  A:  d  or  x  = 

n  is  a  constant  and  equals  1.5677  cm.  then  x=  1.5677 

Express  /  and  d  in  centimeters  and  x  will  be  in  centimeters. 

To  determine  the  minimum  width  of  the  retinal  image  which  is 

able  to  excite  the  sense  of  vision,  i.  c,  which  the  subject  is  able  to 

see ;  put  a  black  dot  0.2  mm.  in  diameter  upon  a  white  card  and 

move  it  away  from  the  eye  until  it  can  just  be  seen.  Substituting 

1  1.567  X  0.2    .  , 

0.2  mm  tor  /  m  the  formula  :  x  =  i— . —      .  ,  ffives  the  diameter 

'         d  (m  mm.)  '  ^ 

of  the  smallest  visible  image. 

7.  The  Optic  Disc  or  Blind  Spot. — {a)  The  Location  of  the 
Bund  Spot  may  be  determined  as  follows  (Marriotte's  Experi- 
ment) :  On  a  white  card  make  a  black  cross  and  a  circle  about 
three  inches  apart.  Closing  the  left  eye  hold  the  card  vertically 
about  ten  inches  from  the  right  eye  so  as  to  bring  the  cross  to  the 
left  side  of  the  circle.  Look  steadily  at  the  cross  with  the  right 
eye,  when  both  the  cross  and  the  circle  will  be  seen.  Gradually 
bring  the  card  toward  the  eye,  keeping  the  axis  of  vision  fixed 
upon  the  cross.  At  a  certain  distance  the  circle  will  disappear, 
/.  f.,  when  its  image  falls  upon  the  entrance  of  the  optic  nerve.  On 
briiijrin^j  the  card  nearer,  the  circle  reappears,  the  cross  of  course 
being  visible  all  the  time. 

(h)  The  OrTLiNK  of  the  Blind  Spot  may  be  determined  as 
follows  :  Make  a  cn)ss  on  the  center  of  a  sheet  of  white  paper  and 
place  it  on  the  table  about  centimeters  from  the  cornea ;  close 
the  left  eye  and  look  steadily  at  the  cross  with  the  right  eye. 
A\'rap  a  penholder  in  white  pajKjr,  leaving  only  the  tip  of  the  pen 
point  projecting ;  dip  the  latter  in  ink,  or  dip  the  point  of  a  white 
feather  in  ink,  and  keeping  the  head  steady  and  the  axis  of  vision 
fixed,  ])]a(  e  the  ])en  point  near  the  cross  and  gradually  move  it  to 
the  ri^^it  until  the  black  becomes  invisible.  Mark  this  spot. 
(  arrv  the  blackened  point  still  further  outwanl  until  it  becomes 
visible  a<r«Hn.  Mark  this  outer  limit.  These  two  points  give  the 
outer  and  inner  limits  of  the  blind  s]K)t.  Begin  again,  moving  the 
|)encil  first  in  an  upward,  then  in  a  downward  directicni,  in  each 
case  marking  where  the  pencil  becomes  invisible.    If  this  be  done 
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in  several  diameters  an  outline  of  the  blind  spot  is  obtained,  even 
little  prominences  showing  the  retinal  vessels  being  indicated. 

(c)  The  Size  of  the  Oitic  Disc  may  be  readily  determined  by 
using  the  formula  given  above.  I^et  x  equal  the  long  axis  of  the 
disc ;  d  the  distance  from  the  nodal  point  to  the  sheet  of  white 
paper  upon  which  the  map  of  the  white  disc  was  drawn.* 

h.  Accommodation. 

When  the  normal  eye  at  perfect  rest  is  directed  at  a  distant  object 
the  image  is  formed  upon  the  retina,  i.  the  principal  focal  dis- 
tance of  the  resting  normal  eye  is  15.677  mm.  As  long  as  the 
object  is  sufficiently  distant  to  make  the  rays  of  light  from  any 
point  of  the  object  practically  parallel  the  image  is  focused  upon 
the  retina  of  the  normal  eye  without  any  change  in  the  dioptric 
system  of  the  eye,  i.  e,,  with  the  elements  of  the  dioptric  system 
in  the  .state  of  rest.  The  minimum  distance  to  which  an  object 
may  be  brought  without  requiring  a  readjustment  of  the  elements 
of  the  dioptric  system  is  found  to  be  about  6  m.  (20  ft.).  In  prac- 
tical ophthalmology  this  distance  is  taken  as  infinity  (  oo)  in  all 
those  problems  which  involve  parallelism  of  the  incident  rays. 

If  an  object  be  moved  along  the  optical  axis  or  visual  line  of  a 
dioptric  system  the  focus  will  recede  and  the  distance  from  the 
nodal  point  to  the  image  will  exceed  the  focal  distance,  /.  e.,  the 
image  would  be  formed  behind  the  retina.  The  image  can  be 
seen  only  when  it  is  focused  ui)on  the  retina.  The  eye  possesses 
tlie  means  of  adjusting  itself  to  this  requirement.  The  process  of 
adjustment  is  called  accommodation.  When  the  object  is  at 
infinity — 0  meters  or  more — the  distance  of  the  image  (/  or  u) 
('(jiials  the  principal  fociil  distance  (/).  In  the  process  of  ac- 
commodation the  (listiince  of  the  image  is  made  to  ecjual  /.  But 

=     '  |,  therefore  the  distance  of  the  image  depends  upon  the 

radius  of  curvature  of  the  refracting  surface  and  the  index  of 
refraction.  To  make  the  distance  of  the  image  e(|ual  the  original 
value  of  ./*,/.      to  l)ring  the  image  back  to  the  retina  /  must  be 

decreased.  The  distance  of  the  image  |/  =  -  j  can  only  be  de- 
creased by  decreasing  the  radius  of  curvature  or  l)y  increasing  the 
index  of  refraction  ;  the  last  alternative  is  impossible.  The  image 
is  for  used  iijfon  Ihe  rvtina  fx/  inrrrasiiKj  iJic  nfdius  of  curvature  of 
the  cri/sfa/finc  /ens.  The  jtron.^s  of  (fcconnnodafion  is  the  j)roce.^s 
of  n(ri/in(/  the  currdturc  of  the  eri/sttd/ine  lens, 

1.  The  Mechanism  of  Accommodation. — Various  ways  have 

'  This  distance  ttiiials  tlic  iHstanco  of  the  cornea  from  the  jtajxT  plus  7  mm. 
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been  suggested  by  which  the  radius  of  curvature  of  the  lens  might 
be  increased  ;  the  theory  now  generally  accepted  is  that  of  Helm- 
holtz :  ^ 

Fio.  268. 


-  Showing  the  inechaiiisni  of  accommodation.  The  horizontally  »haded  lenn  and  the  unshaded 
iris  show  the  f>usition  of  the  narts  when  at  rest ;  the  vertically  shaded  lena  and  iris  show  the 
position  during  accommodation  for  a  near  point,  m,  meridional  muscle;  c,  circular  muscle; 
S.L.,  suspensory  ligament.    (After  Las  dolt.) 


{(i)  The  Change  in  the  Lens  is  accomplished  through  the 
interaction  of  two  forces :  (i)  The  elasticity  of  the  lens-body  ; 
and  (ii)  the  contraction  of  the  ciliary  muscles.  The  lens  when 
left  to  itself  tends  to  become  more  spherical  than  it  is  when  the 
eye  is  at  rest ;  it  tends  by  its  elasticity  to  take  the  position  /'  ; 
but  the  elasticity  of  the  choroid  coat  through  its  relaxed  ciliary 
muscles  (m)  and  through  its  inelastic  tendons  the  "  suspensory 
ligaments''  {S,L,)  exert  a  still  stronger  tension  in  the  opposite 
direction  and  the  lens  is  flattened  and  drawn  down  to  the  position 
/.  All  that  is  necessary  to  cause  the  lens  to  take  the  position  /' 
or  any  position  between  /  and  /'  is  for  the  ciliary  muscle  to  con- 
tract, thus  relaxing  the  suspensory  ligaments  and  allowing  the 
lens  to  become  by  its  own  elasticity  more  nearly  spherical.  There 
are  two  ways  of  convincing  one's  self  of  the  increase  in  convex- 
ity of  the  lens  during  accommodation. 

(«)  Tlir  direct  ohserration  of  the  clianz/e  in  the  lens  may  lx» 
accom])lished  by  looking  from  the  side  at  the  margin  of  the  iris 
when  the  eye  of  the  subject  is  at  rest,  /.  e,,  focused  upon  a  distant 
oi)je(  t.  Let  the  subject  suddenly  change  focus  to  a  very  near  ob- 
ject. The  iris  at  the  margin  of  the  pupil  will  be  seen  to  advance 
towards  the  cornea — pushed  out  by  the  lens.    (See  Fig.  208.) 

(i'i)  The  indirect  ohHcrnttion  of  the  chan(/e  may  l)e  accom- 
plished by  looking  diagonally  at  the  subject's  eye  (Fig.  269,  E), 
while  a  li^ht  shines  upon  the  eye  from  position  L.    The  light 

•  First  piihlislKHl  in  his  Hand-huch  der  physioloqittchen  Optiky  IleidellH^rg,  186(). 
(livon  in  full  in  the  last  eilition,  edited  bv  Arthur  Ki'mig,  Berlin,  18%,  pages 
i:i()-l.")(). 
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will  be  reflected  from  the  anterior  surface  of  the  cornea,  from  the 
anterior  surface  of  the  lens,  and  from  the  posterior  surface  of  the 
lens.    When  the  lens  is  at  rest  the  images  will  have  to  each  other 

Fig.  269. 


Showing  the  change  in  the  position  of  the  image  reflected  from  the  anterior  surface  of  the 
crystalline  lens.  .1,  i>OHition  of  images  when  the  eye  is  at  rest  (r  —  C) ;  B,  position  of  images 
when  the  lens  is  more  spherical  through  accommodation  ia  —  C);  C,  a  geometrical  figure  show- 
ing the  reason  for  the  change  in  position  ;  E,  observer's  eye  ;  L,  candle. 

the  relation  indicated  in  A,  Fig.  269.  If  the  subject  accommo- 
dates, the  middle  image  will  move  over  toward  the  corneal  image, 
jis  shown  in  B-a,  Fig.  269.  The  geometrical  figure  shows  how^ 
this  change  is  brought  about.  Utilizing  this  principle,  Helmholtz 
contrived  an  instrument  which  he  called  the  Ph/ikoscope. 

(h)  Thk  Prpii.  CnAN(iKsiTs  POSITION  both  passively  and  ac- 
tively. Its  passive  change,  lus  it  is  pushed  out  by  the  bulging  lens, 
has  been  referred  to  above.  Its  active  change  may  be  observed 
readily  if  one  looks  into  the  eye  of  a  subject  from  the  front,  while 
the  subject  directs  his  vision  to  some  distant  object.  Let  the  sub- 
ject then  look  at  a  near  object  and  the  observer  will  see  the  pupil 
contract.  This  contraction  is  accomplished  through  the  action  of 
circular  irideal  muscles.  The  reason  for  the  contraction  of  the 
pu])il  is  next  to  seek.  One  looks  at  near  objects  in  order  to  study 
their  detail  of  structure  ;  detail  of  structure  can  be  brought  out  in 
an  image  of  a  dioptric  system  only  when  the  spherical  aberration, 
caused  by  the  margins  of  the  lens,  is  corrected.  Work  with  a  mi- 
croscope soon  im])revSses  the  fact  that  for  high  magnification  (near 
vision)  clear  definition  is  possible  only  when  the  diaphragm  ad- 
mits rays  to  the  center  of  the  lens  exclusively.  In  the  same  way 
in  near  vision,  the  eye,  by  contracting  its  pupil  (its  iris  dia- 
phragm), brings  about  a  clear  definition  of  the  image. 
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(a)  The  most  impotiant  function  of  the  iris  is  that  which  it  per- 
forms in  conjunction  with  the  lens  in  the  act  of  accommoda- 
tion. 

(/3)  The  relation  of  the  pupil  to  accommodation  is  not  the  sole 
function  of  the  iris.  This  changeable  diaphragm  serves  also  an 
important  pur})ose  in  cutting  out  an  excess  of  light.  Tf  one  shade 
the  eyes  of  a  subject  and  then  suddenly  allow  the  light  to  strike 
them,  the  pupil  will  be  observed  to  contract  through  the  action  of 
the  circular  muscles  of  the  iris.  This  is  a  reflex  act  in  response 
to  the  over-stimulation  of  the  retina,  the  optic  nerve  acting  as  a 
sensory  element,  while  the  oculo-motorius  is  the  motor  element  of 
the  reflex  arc. 

(y)  In  this  connection  it  may  be  added  that  the  iris  is  an 
portant  clinical  index  of  certain  conditions.  The  sympathetic 
nervous  system,  from  the  cilio-spinal  center  supplies  the  radiating 
fibers  ;  so  that  anything  which  profoundly  affects  the  sympathetic 
system  will  cause  a  dilatation  of  the  pupil.  A  strong  emotion, 
esi)ecially  fear,  causes  a  dilatation  of  the  pupil.  In  deep  chloro- 
form narcosis,  or  in  the  last  stage  of  asphyxia,  the  pupils  dilate. 
The  mydriatic  drugs  (l)elladonna,  atropia,  etc.)  cause  dilatation. 
Paralysis  of  the  oculo-motorius  causes  dilatation.  The  pupil  con- 
tracts normally  during  sleep,  during  accommodation  and  strong 
light.  When  the  cervical  sympathetic  is  paralyzed,  when  a  my- 
otic drug — as  physostigmin  oresarine — is  applied  locally  or  opium 
taken  internally  the  pupil  also  contracts. 

2.  The  Range  of  Accommodation. — This  is  the  amount  of 
refractive  change  induced  by  the  eye  in  adjusting  for  its  point  of 
nearest  vision — punctnm  pvoximam — after  it  has  been  at  rest,  /.  e,, 
after  it  has  been  adjusted  to  its  point  of  farthest  vision — its  punc- 
tnia  rcmotnnt, 

(a)  To  Dktkhmine  thk  PrMTi  M  Proximi'm  one  has  only  to 
record  in  meters  the  distance  from  the  cornea  to  tlie  printed  page, 
when  the  subject  can  s(»e  the  lines  perfectly  clearly  ;  that  is  with- 
out noticing  any  blurring  of  the  letters.  Suppose  this  distiince 
l)c  10  cm.,  then  one  writes  punctum  ])roxinmm  =  .01  meter. 

(/>)  To  Dktkhmink  thk  PrNcTi  M  Hkmoti'M  let  the  subjei»t 
look  at  an  object  six  meters  away.  If  he  can  make  out  the  de- 
tails of  the  oi)jcct  and  can  read  letters  1  cm.  in  height  and 
with  strokes  '2  nun.  in  width  one  will  credit  him  with  a  punctum 
rcniotnni  of  Itifinifi/  (  x  ).  If  the  subject  caiuiot  see  distant  ob- 
jects l>rin<r  the  object  nearer  until  he  can  see  its  details  of  struc- 
ture. Let  us  su|)|M)se  that  it  must  be  brought  to  a  distance  of  oO 
ein.  before  the  sui)ject  can  make  out  its  details,  then  one  writes 
punctum  reniotum  =  O..")  m. 

(r)  To  Dktkkmink  thk  Range  of  ace<mmiodation.  I^et 
h*  —  the  distance  of  ])unctum  remotum,  then  the  static  refraction. 
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or  the  refraction  when  the  eye  is  at  rest  may  be  represented  by  r 
which  is  the  reciprocal  of  the  distance.  (Bonders.) 

When     =  oc  ,  /•  =  0 ;  when     =  .5  m.,  r  =  2. 
Let  P  be  the  distance  of  the  punctum  proximum  and  p  the 
maximum  refraction  of  the  eye. 

(")  P  =  p 

When  P  =  10  cm.,  or  .1  m.,  j9  =  10.  • 


Representing  the  range  of  accommcxlation  by  «  or  4  >  Donders 


expressed  the  range  in  terms  of  p  and  ^  thus  : 

("I)  A  =  P-R 

(IV)  .1  = 

.0  X  .1 

Substituting  K  =  .5  m.  and  P  =  .1  m.  we  get     =  ^-p  = 

•O  — .  1 

=  .125  m.  That  is,  the  accommodation  is  equal  to  a  lens 
whose  focal  distance  is  .125  ni.  or  ^  m.    But  that  is  an  8  diop- 

tre  lens.^   Substituting  11  —       and  P  =  .1  m.  we  get. I  =  — 

which  is  indeterminate.  In  order  to  avoid  this  complication  and 
to  simplify  the  process  ophthalmologists  use  the  simple  equation  : 

(v)  a  =  p  —  r. 

Substituting  y>  =  10/>  and  /•  =  2Z>  one  gets  a  =  H7)  instead  of 
.125  in.  Using  the  forniuhi  one  avoids  the  diftieulty  noted  above 
in  th(*  use  of  Donders'  formula  ;      7.,  take  R  =  oc   and  P  = 

*  Lcnsfs  are  now  almost  univcrsjiUy  nunibored  nc('ordin<r  to  the  metric  system. 
A  lens  with  a  I'oeal  distjince  of  1  m.  is  calh'd  a  1  dioptre  K'lis  or  1  I).  A  lens  of 
oOcm.  or  m.  is  called  a  2  I>  lens  and  so  on.  }i  m.  corresponding  to  ]  m.  to 
4  IK  \  in.  "t(»  '>  IK  i  m.  to  S  J),  m.  to  10  />,  2  m.  to  ]  I)  or  .5  />,  4  m.  to  .2.5i), 
8  m.  to  .12.')  IK  etc. 
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.1  m.,  then  r  =  OD  and  p  =  102).  a  =  p  —  r  =  lOD —  OD 
=  10  dioptres  of  aecommodation.  Now  in  certain  cases  (see 
Hypermetropia)  the  punctum  remotum  is  beyond  infinity  (!). 

If  the  pundum  remotum  is  "  beyond  infinity  "  that  is  equivalent 
to  saying  that  the  eye  at  rest  does  not  focus  parallel  lines  (from 
infinity)  upon  the  retina,  but  the  lines  must  be  more  than  parallel, 
/.  from  beyond  infinity ;  or,  better,  convergent;  but  if  they  are 
convergent  they  would  meet  behind  the  cornea.  The  punctum 
remotum  for  hyperopes  is  then  negative  in  direction  and  is  equal 
to  the  distance,  beyond  the  cornea,  at  which  the  convergent  lines 

would  meet  if  prolonged.    It  follows  that      is  in  the  case  of 

hyperopes  negative.    Our  formula  (3)  would  take  the  form  : 

Therefore  formula  (5)  becomes  (o')  a  =  j>  -f  r.  Now,  in  deter- 
mining /•  one  may  use  a  convex  lens  of  such  strength  as  to  give 

Fig.  270. 


4«v        t£    n    u    m         ^    M    m    U    m    kk    7^    u  m 


tlie  rays  the  reciuisite  convergence.  The  value  of  the  lens  in 
dioptres  is,  of  (bourse,  the  value  of  r.  In  the  hyperope  a  is  always 
irreater  than  y>.    As  the  determination  of  the  punctum  remotum 
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of  the  hyperotic  eye  is  a  matter  for  the  clinician  to  deal  with,  we 
will  omit  its  determination  here. 

(d)  The  Influence  of  Age  upon  the  range  of  accommoda- 
tion is  well  shown  in  the  accompanying  chart  (Fig.  270).  The 
average  10-year-old  boy  or  girl  has  a  range  of  (a=p  —  r)  14 
dioptres.  At  25  years  the  range  has  decreased  through  a  reces- 
sion of  the  puuctum  proximum  to  {a  =  p  —  r  =  8  —  0)  8  Z>. 
At  45  years  it  is  3  D;  at  50  years,  2  D;  at  60  years, 
1  D.  Note  that  the  punctum  remotum  begins  to  recede  at 
50  to  55  years  and  at  60  years,  p  =  -f.5  and  r=— .5,  so  that 
a  =  .5  — (— .5)=  1  D. 

c.  Imperfections  of  the  Refractive  Apparatus  of  the  Eye. 

It  will  be  remembered  that  the  sole  function  of  the  eye  as  a  re- 
fractive apparatus  is  to  focus  rays  from  any  object,  near  or  fer, 
upon  the  retina ;  that  when  the  accommodative  (focusing)  ap- 
paratus is  at  rest  the  image  of  an  object  6  m.  or  more  distant  is 
formed  upon  the  retina  in  the  normal  eye  (/=i).  The  distance 
of  the  image  depends,  then,  upon  the  value  of  /.  But  the 
principal  focal  distance  depends  in  turn  upon  the  radius  of  curva- 
ture, the  index  of  refraction  and  the  location  on  the  optical  axis 
of  the  elements  of  the  dioptric  system.  In  the  nature  of  the  case 
the  index  of  refraction  cannot  change  perceptibly.  In  the  prin- 
cipal imperfections  of  the  refractive  apparatus  of  the  eye  the  posi- 
tion of  the  elements  of  the  dioptric  system  u|)oh  the  optical  ap- 
paratus is  faulty.  If  the  screen  (retina)  is  too  far  back  the  rays 
will  come  to  a  focus  before  reaching  the  retina.  The  subject  will 
attempt  to  correct  tlic  difficulty  by  bringing  the  object  near  to  the 
eye,  thus  increasing  tlio  conjugate  focal  distance  until  the  image 
fall.-!  upon  the  retina.  This  bringing  of  the  object  near  to  the  eye 
is  a  sign  of  a  condition  of  the  eye,  which  has,  in  consequence, 
l)een  called  "  }ic(ir-sif/lttc(lnr^<s,^^  The  oculists  call  this  condition 
mi/()j)i((,  and  correct  it  by  placing  before  the  eyes  concave  or 
(liver<«:ont  lenses  which  enable  the  subject  to  see  distant  objects. 

The  retina  may  be  too  close  to  the  nodal  ])oint ;  that  is,  the 
eyeball  may  be  flattened  in  the  antero-jiosterior  diameter.  In  that 
ease  rays  of  light  from  a  distant  object  would  not  be  brought  to 
a  foeus  by  the  time  they  reach  the  retina.  The  subject  will  at- 
tempt to  correct  the  difficulty  by  bringing  into  action  the  accom- 
modative aj»paratus  of  the  eye  thus  bringing  the  focus  nearer  to 
the  nodal  point  until  it  falls  upon  the  retina  and  the  object  is 
clearly  seen.  This  con<lition  is  called  far-sightedness  or  hi/per- 
iiidnfjiia,  Tho  oeulists  correct  it  l)y  placing  before  the  eyes 
convex  or  convergent  lenses  which  cnabh*  the  sul)ject  to  see  dis- 
tant objects  without  the  help  of  accommodation. 
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The  radius  of  curvature  of  the  cornea  may  be  different  in 
different  planes.  If  the  radius  is  shorter  in  the  horizontal  than  in 
the  vertical  plane  the  rays  which  lie  in  that  plane  will  be  focused 
nearer  to  the  nodal  point  than  will  those  which  lie  in  the  vertical 
plane.  It  must  be  evident  that  the  eye  would,  under  such  condi- 
tions, be  quite  unable  to  focus  both  horizontal  and  vertical  lines 
at  the  same  time.  Bringing  the  object  nearer  does  not  relieve  the 
subject;  using  the  accommodation  does  not  help  the  condition.* 

The  most  effective  way  of  relieving  the  condition  without  arti- 
ficial means  is  for  the  subject  to  bring  the  eyelids  very  close  to- 
gether leaving  only  a  narrow  horizontal  slit.  In  this  way  all  of 
the  rays  are  cut  out  except  those  in  one  plane  and  if  these  do  not 
fall  \\\iOi\  the  retina  when  the  eye  is  at  rest  the  subject  may  bring 
the  object  nearer  to  the  eye  or  may  use  the  accommodation.  This 
condition  of  the  eye  is  called,  by  the  oculists,  adigmatwm  and  it  is 
corrected  by  placing  before  the  eyes  i)lano-convex  cylindrical 
lenses  which  increase  the  curvature  of  the  refracting  surface  in  one 
plane  only.  It  is  only  necessary  to  adjust  the  axis  of  the  cylinder 
at  such  an  angle  as  to  increase  the  curvature  in  the  plane  where 
it  is  smallest  (or  decrease  it  through  the  use  of  plano-concave 
cylinders  in  the  plane  where  it  is  greatest)  to  put  the  dioptric  sys- 
tem into  approximately  perfect  condition. 

2.  VISUAL  MECHANICS. 

As  the  telescope  or  the  camera  must  be  provided  with  a  directive 
apparatus,  by  means  of  which  the  direction  of  its  optical  axis 
may  be  changed  so  the  eye  is  provided  with  an  apparatus  for 
changing  the  direction  of  the  line  of  vision.  In  directing  the 
vision  from  one  jwint  or  object  to  another  the  axis  of  the  eye  is 
turned  n])ward,  or  downward,  or  outward,  or  inward,  or  is  cir- 
cumducted, in  short,  the  axis  of  the  eye  has  an  absolutely  uni- 
versal motion  within  its  limits. 

a.  Monocular  Fixation. 

The  term  monocular  fixation  is  used  to  designate  the  mechanical 
adjustment  of  the  eye  to  bring  the  image  of  the  object  upon  the 
macula  lutea,  the  most  sensitive  portion  of  the  retina.  If  one 
study  the  movements  of  one  eye  (the  other  being  shaded)  he  will 
find  that  it  readily  follows  the  movements  of  an  object  held  in 
front  of  it,  however,  (juickly  or  through  whatever  angles  or  direc- 
tions it  may  be  move<l  by  the  ol)server.  The  directive  apparatus 
of  the  eye  consists  of  the  six  muscles  named  in  the  anatomical  in- 
troduction moving  the  eye  about  three  different  axes  of  rotation  : 

Mt  is  held  bv  some  ophthalraologUts,  however,  ihata  modiHeil  aecommodative 
act  may  eontrael  the  ciliary  muscles  in  one  plane  more  than  in  another  and  thus 
correi-t  or  at  least  partially  correct  the  condition. 
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(i)  A  horizontal  axis  about  which  the  eye  rotates  upward  and 
downward  ;  (ii)  a  vertical  axis  about  which  the  eye  rotates  from 
right  to  left ;  and  (iii)  a  longitudinal  axis  which  coincides  practice 
ally  with  the  physiological  axis  or  line  of  vision  and  about  which 
the  eye  rotates  (slightly)  when  the  oblique  muscles  are  in  action. 
These  three  axes  are  rather  arbitrarily  located.  Inasmuch  as  the 
eye  is  a  spherical  body  resting  in  a  hollow  spherical  socket,  and 
inasmuch  as  it  rotates  freely  in  any  direction  about  the  intersec- 
tion of  the  three  assumed  axes  it  is  somewhat  simpler  to  take  a  cen- 
tral point  of  rotaiioa  about  which  the  eye  may  rotate  in  any  direc- 
tion whatsoever  under  the  action  of  one  or  more  of  its  six  muscles. 


Fio.  271. 


Inferior 
Obliqye  ^ 


Internal 

—V  -<-  

Iteetu$(s) 


Oblique 

9  2  ) 

Reetua  ^ 

Inferior  _ 
(9)  L 

Diagram  to  illustrate  the  directions  towanl  which  the  optical  axis  is  directed  or  inclined  by 
the  contructiou  of  the  individual  muscles.  MM'  i»  the  median  line  ;  B,  the  right  eye,  and  L 
the  left  one.  The  numbers  in  parenthesis  (3,  4  and  6),  indicate  the  innervation  of  the  muscle. 
(After  Wallek.) 


Waller's  excellent  diagram  (Fig.  271)  given  in  the  accompanying 
figure,  will  enable  the  student  to  interpret  the  mechanism  of  the 
directive  power  of  the  eye.  Take,  for  example,  the  movement  of 
the  optical  axis  of  the  right  eye  outward  or  away  from  the  median 
line  in  the  horizontal  plane.  This  movement  is  accomplished 
by  the  external  rectus  innervated  bv  the  sixth  nerve.  Again  take 
the  movement  of  the  axis  of  the  eye  upward  in  the  vertical  plane. 
It  is  evident  that  the  superior  rectus  alone  cannot  accomplish 
this  ;  but  that  that  muscle  must  act  in  conjunction  with  the  in- 
ferior ol)li<|Ue.  In  a  similar  manner  movement  vertically  down- 
ward re([uires  the  combined  action  of  the  inferior  rectus  and  the 
superior  oblitjuc. 

In  general  the  contraction  of  a  single  muscle  causes  a  rotation 
of  the  eye  in  the  direction  indicated  in  the  diagram  for  that  mus- 
cle ;  while  rotation  in  any  other  direction  than  the  six  which  are 
indicated  by  the  arrows  requires  the  interaction  of  the  two  mus- 
cles, and  lre(|ucntly  the  coordinative  influence  of  two  nerves.  To 
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circumduct  the  eye,  sweeping  its  axis  around  a  circle  requires  the 
action  of  all  of  the  muscles,  acting  two  or  three  at  a  time ; 
an  action  the  exactness  of  adjustment  and  the  complexity  of  co- 
ordination of  which  must  compel  the  admiration  of  any  student 
of  mechanics. 


h.  Binocular  Fixation. 

This  expression  is  used  to  designate  the  coordinated  binocu- 
lar movement  which  results  in  directing  the  physiological  axes 
of  both  eyes  upon  the  same  object.  If  the  object  fixed  by 
both  eyes  be  a  small  one  its  image  falls  upon  the  fovea  centralis  ; 
if  it  be  a  large  one  it  will  be  disposed  about  that  point  symmetric- 
ally as  shown  in  Fig.  272. 

The  lower  part  of  the  ob-  Fig.  272. 

ject  being  focused  upon  the 
upper  segment  of  the  two 
retinae,  and  the  right  part 
of  the  object  being  focused 
upon  the  left  part  of  the 
two  retinie,  that  is  upon 
the  median  segment  of  the 
right  retina  and  the  ex- 
ternal segment  of  the  left 
retina. 

It  is  evident  that  we 
have  to  deal  with  a  com- 
plex mechanical  action : 
(i)  With  double  monocular 
fixation  ;  and  (ii)  with  con- 
vergence of  the  visual  axes 
of  the  eyes.  If  one  refers 
to  Waller\s  diagnim  he  can 
readily  tabulate  the  muscles 
involved  in  directing  the 
two  eyes  in  any  particular 
direction.  If  in  Fig.  272 
the  object  O  move  toward 
the  right  eye  along  the 
visual  axis  OXF  the  fixa- 
tion of  the  right  eye  will 
not  need  to  be  readjusted. 
If  however  the  visual  axis 
of  the  left  eye  O.V  F  fol- 
low the  movement  of  the  object  it  will  have  to  deflect  to  the  right, 
thus  making  a  greater  angle  (ZF'Otn)  with  the  median  line(i»wi') 


Diagram  nhowing  the  symmetrical  correspoDdence 
of  the  retinal  field.  X,  uodal  point ;  F,  fovea  cen- 
traliM.  The  observer  is  Hupposed  to  be  lookins  down 
upon  the  optical  apparatust  from  above.  Note  Uiat  the 
line  CD,  which  in  on  the  lower  »ide  of  the  obiect,  is  the 
upper  Aide  of  the  image.  And  that  the  line  BI),  which 
is  the  right  side  of  the  object,  ix  the  left  side  of  the 
image,  which  bringw  it  at  the  inner  segment  of  the 
right  retina  and  the  outer  segment  of  the  lea  retina. 
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than  existed  before.  This  increase  of  the  anfjfle  of  convergence  is 
brought  about  by  the  internal  rc^ctus.  If  through  weakness  or 
through  paralysis  this  muscle  is  unable  to  rotate  the  eye  far 
enough  to  bring  the  jwints  0,  JV',  and  into  a  straight  line  then 
the  retinal  image  would  not  fall  upon  the  field  (a'  6'  c'  rf')  and 
there  would  be  a  double  visual  sensation,  ^  double- vision  "  or  rfi- 
plopiu.  Failure  for  any  other  reason  to  produce  perfect  binocu- 
lar fixation  leads  to  the  same  derangement  of  vision.  This  is  the 
principal — though  not  especially  frequent — imperfection  of  the 
directive  or  mwhanical  apparatus  of  the  organ  of  vision  and  is 
often  corrected  by  oc*ulists  through  the  use  of  prismatic  lenses 
which  bend  the  optical  axis  bringing  the  image  upon  the  proper 
field  of  the  retina. 

B.   VISUAL  SENSATION. 

THE  ETE  AS  THE  SENSE-ORGAN  OF  VISION. 

The  retina  is  the  end-organ  of  vision  ;  its  function  is  to  receive 
the  impression  of  the  image  focused  upon  its  surface  by  the 
optical  apparatus  and  to  transmit  the  impression  to  the  brain. 
"  About  all  that  can  be  said  is  that  the  lights,  shades  and  colors  of 
the  retinal  image  start  in  the  neuro-epithelial  cells  metabolic 
changes  which  are  influenced  more  or  less  by  the  action  of  the 
light  upon  the  pigments  in  the  associated  tissues.  The  neuro- 
epithelial cells  are  composed  of  an  afferent  element  represented  by 
the  cones  or  rods  of  the  external  layer  of  the  retina  that  is  the 
scene  of  the  metabolic  changes  referred  to  above.  The  chemical 
changes  start,  along  the  afferent  clement  (dendrite)  toward  the 
cell  l)ody,  an  impulse  which  is  transmitted  by  the  efferent  element 
(iicurite)  to  tlie  first  neuron  of  the  cerebral  layer  of  the  retina, 
thence  by  the  second  neuron  to  the  sensorium  of  the  brain. 

The  phases  of  visual  sensation  which  seem  most  profitable  to 
brieflv  discuss  are  retinal  stimulation,  retinal  irritabilitv,  and 
visual  sensations. 

1.   RETINAL  STIMULATION. 

a.  The  Stimuli. 

(a)  The  Kinds  of  Stimuli  which  lead  to  visual  sensation  are 
limited  normally  to  :  (i)  diffuse  light  in  its  various  colors  and  to 
(II)  images  of  ol»jects.  In  either  case  the  stimulus  is  light,  but  it 
seems  expedient  in  view  of  what  is  to  follow  to  differentiate  be- 
tween the  li^ht  in  g(»nenil  and  images  of  objects.  The  retina,  in 
common  with  all  highly  sj)ecialize(l  tissues  responds  to  all  stimuli 
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with  the  same  general  sensation.  If  one  press  upon  the  side  of 
the  eyeball  a  ring  of  light  will  be  seen  upon  the  opposite  segment 
of  the  retina.  The  retina  is  stimulated  under  the  finger  but  it  is 
referred  to  the  opposite  side.  When  a  mechanical  shock  to  the 
head  makes  one  see  stars  these  luminaries  are  real  sensations 
due  to  the  mechanical  stimulus.  Electricity  may  also  produce  the 
sensation  of  light. 

Light  being  a  mode  of  undulator\'  motion  it  may  varj-  in  two 
ways  :  (i)  In  the  number  of  vibrations  per  unit  time,  (ii)  in  the 
amplitude  of  the  vibrations.  The  first  variation  is  comparable 
to  the  variation  in  the  pitch  of  sound  and  leads  to  the  color  scale, 
the  second  variation  is  comparable  to  loudness  and  is  recognized 
in  the  intensity  of  the  sensation. 

{b)  The  Duration  of  the  Stimalus  may  be  very  short.  An 
ek^ctrie  spark  whose  duration  is  less  than  a  millionth  of  a  second 
is  long  enough  to  produce  a  sensiition  (Waller).  The  sensation 
which  a  stimulus  rails  forth  is  of  much  longer  duration  than  the 
stimulus  itself.  This  is  made  evident  when  one  looks  at  a  rapidly 
rotating  wheel ;  a  spoke  occupies  a  particular  position  for  only  an 
infinitesimal  fnietion  of  time,  yet  it  calls  forth  a  sensation.  In 
the  position  which  the  spoke  takes  during  the  next  infinitesimal 
unit  of  time  another  sensjition  is  induced  ;  but  the  sensation  of  the* 
previous  stimulus  persists  and  the  two  sensations  blend.  The  re- 
sult of  this  blending  of  the  images  of  the  rotating  spokes  is  to 
prcKhice  the  effwt  of  a  solid  wheel.  In  a  similar  way  if  a  lumi- 
nous body  be  attached  to  the  rim  of  the  rotating  wheel  the  sensa- 
tion which  it  ])rmluces  will  not  be  a  point  of  light,  but  a  more  or 
less  elongiited  line  of  light.  The  faster  the  rotiition  of  the  wheel 
the  longer  the  an*  of  light  until  finally  the  spetni  of  the  rotation 
may  be  great  enough  to  extend  the  line  of  light  around  the  whole 
circumference  of  the  circle  in  a  solid  ring  of  light.  Charpentier 
sjiys  that  an  interval  of  0.027  second  must  elapse  between  two 
Haslies  of  light  in  order  that  both  cim  be  seen  sei)arately. 

6.  The  Irritability  of  the  Retina. 

1.  Factors  Involved  in  Retinal  Irritability.  —  (a)  The 

STurcTruK  OF  THK  Rctixa  bears  an  important  relation  to  its 
irritability.  The  two  kinds  of  neuro-epithelial  cells — the  rods 
and  the  cones — are  not  ecjually  distributed  over  the  retina.  There 
are  no  rods  in  the  macula  lutea  ;  this  portion  of  the  retina  pos- 
sesses the  cones  only.  The  macula  lutea  is  esiMJcially  sensitive 
to  the  fine  lines  of  images  focused  upon  it;  /.  e,,  it  is  the  only 
portion  of  the  retina  from  which  one  may  receive  a  clearly-defined 
inia^e.  That  ]>ortion  of  the  retina  outside  of  the  macula  lutea  is 
only  faintly  sensitiv^e  to  form,  but  is  very  sensitive  to  light  and 
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responds  to  very  slight  modifications  in  the  intensity  of  the  stim- 
ulus. 

(h)  The  Retinal  Pigments  bear  some  relation  to  the  irrita- 
bility of  the  retina.  Melanin  or  fuscin  is  the  brownish-black 
pigment  which  makes  up  the  pigment  layer  of  the  retina.  This 
pigment  seems  to  form  a  stock  from  which  other  pigments  may  be 
replenished.  Rhodopsin,  or  "  visual  jmrpkj^  is  found  in  the  rods 
and  is,  therefore,  absent  from  the  macula  lutea.  Chromophanes 
are  red,  green  and  yellow  oil  globules  found  in  the  cones.  The 
chromophanes  are  not  found  in  the  eyes  of  mammals. 

(c)  Varying  Irritability  of  Different  Areas  of  the  ret- 
ina is  probably  due  to  varying  distribution  of  the  rods,  cones  and 
pigments.  The  following  facts  are  important  in  this  connection  : 
(i)  The  macula  lutea  is  tlie  area  of  clearest  definition  of  form ;  it 
is  in  fact  the  only  area  sensitive  to  the  fine  structural  details  of  an 
image,  (ii)  The  macula  lutea  possesses  cones,  but  no  rods,  and  in 
its  most  sensitive  area — the  fovea  centralis — the  cones  are  brought 
into  special  prominence  by  the  thinning  out  of  all  the  other  ele- 
ments, (ill)  The  portion  of  the  retina  most  sensitive  to  variations 
of  the  intensity  of  diffused  light  is  that  jjortion  outside  of  the 
macula,  (iv)  The  |x)rtion  of  the  retina  outside  of  the  macula  is 
richly  studded  with  rods,  and  each  rod  })ossesses  its  supply  of  rho- 
dopsin.  (v)  A  solution  of  rhodopsin  bleaches  in  the  light.  The 
retinal  image  may  be  actually  "fixed"  by  treating  with  4  per 
cent,  solution  of  potassium  alum,  the  retina  which  has  just  been  re- 
moved immediately  after  thorough  exix)sure  following  rest  in  the 
darkness.    The  "  fixed    image  is  called  an  optogram. 

These  facts  seem  to  justify  the  couclusion  that  the  cones  are  the 
sfnicturcs  irhich  rerrirc  Jonn-pictures  and  the  pifpnented  rods  are  the 
stniVfUreii  which  receive  light  and  color  inij^rexsions, 

2,  Direct  and  Indirect  Vision. — These  terms  designate 
respectively  the  centnil  field  of  clear  definition  and  the  sur- 
rounding field  of  indistinct  definition.  One  may  get  a  very 
good  idea  of  the  difference  between  direct  and  indirect  vision 
by  holding  before  one  eye  (the  other  being  shaded)  at  a  dis- 
tance of  W  em.  a  j)rinted  page.  Direct  the  line  of  vision  at  a 
small  word  ;  the  surrounding  words  will  be  recognized  for  a 
distance  of  perhaps  '2  cm.  in  imy  direction,  but  by  studying  the 
sensation  very  carefully,  keeping  one  particular  letter  constantly 
fixed  in  the  line  of  vision,  that  one  letter  is  the  only  letter  upon 
the  pap'  that  is  absolutely  clearly  defined.  The  image  of  that 
letter  lies  upon  the  center  of  the  fovea  centralis,  the  two  adjacent 
letters  lie  upon  the  slautin*r  sides  of  the  fovea,  their  definition  is 
only  sli^rlitly  less  distinct  than  that  oi'  the  central  letter.  The 
form  of  the  uext  adjacent  W(a'(ls  can  be  made  out  with  sufficient 
clearness  to  enai)le  the  observer  to  say  definitelv  what  the  wonls 
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are  but  he  would  be  quite  unable  to  detect  any  slight  typographical 
imperfections  in  the  words.  The  field  of  direct  vision  may  be 
taken  to  be  that  which  is  focused  upon  the  macula  lutea  which  is 
1.25  mm.  in  diameter^  subtending  about  5°  of  angle  at  the  nodal 
point. 

(a)  Indirect  Monocular  Vision. — The  field  of  indirect 
vision  includcvS  all  of  the  visual  field  outside  of  that  of  direct 
vision.  The  accompanying  figure  (Fig.  273)  shows  the  field 
of  indirect  vision  for  white  light  bounded  by  the  shaded  por- 
tions of  the  figure.  Note  in  the  center  the  5°  circle  of  direct 
vision  within  which  the  form  and  structural  features  of  ob- 
jects are  clearly  defined.  Note  the  blind  spot  (jB)  at  the  right 
of  the  macula  in  the  figure,  and  showing  that  the  optic  nerve 
enters  the  eye  to  the  median  side  of  the  fovea  located  from  12.5° 
to  17.5°  from  the  center  and  a  little  above  the  horizontal  line 


Fig.  273. 


IVriiueter  chart  with  tracings.  (Krapart.) 

from  the  fovea.  Xoti'  that  the  boundary  of  the  field  for  the  in- 
direct vision  of  the  white  light  crosses  the  upper  vertical  meridian 
at  55°,  the  median  meridian  at  60°,  the  lower  vertical  meridian 
at  70°  and  tlic  external  meridian  beyond  90°.  The  determination 
of  the  line  hounding  the  field  of  vision  is  caUtKi  y>mme^ry,  the  record 
and  the  instrument  used  in  getting  it,  a  perimvter.    The  field  for 
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yellow  light  is  within  that  for  white,  the  field  for  blue  light  is 
within  that  for  yellow,  the  field  for  red  light  still  further  with- 
drawn from  the  periphery,  and  the  field  for  green  very  much 
smaller  than  that  for  red.  Perimetry  has  considerable  clinical 
importimce  because  in  certain  pathological  conditions  the  perim- 
eters are  considerably  modified  either  by  being  generally  con- 
tracted or  by  being  dotted  with  islands  of  total  or  partial  blindness. 

(b)  Indiiifxt  Bixocui.ar  Vision. — To  determine  just  what 
the  field  of  indirect  binocular  vision  is  one  has  only  to  find  the 
overlapping  areas  of  indirect  monocular  vision  when  both  eyes  are 
directed  to  the  same  |X)int.  The  accompanying  figure  (Fig.  273)  is 
for  the  right  eye.  If  one  trace  upon  the  same  chart  the  field  sen- 
sitive to  white  light  in  the  left  eye  the  open  external  end  of  the 
field  will  extend  off  to  the  left  and  the  circular  median  end  to  the 
right  reaching  the  60°  circle.  The  right  and  left  perimeters  will 
thus  overlap  in  an  almost  circular  area  bounded  right  and  left  by 
the  60°  circle,  alx)ve  by  the  55°  circle  and  below  by  the  70° 
circle.  The  field  thus  bounded  is  that  for  binocular  indirect 
vision  for  white  light. 

2.  VISUAL  SENSATIONS. 

a.  Fundamental  Sensations. 

The  sensations  which  light  induces  in  the  sensorium  may  not  be  * 
so  easily  differentiated  as  are  those  of  sound,  but  they  are  closely 
analogt)Us  to  sound.  In  sound  we  differentiate  pitch,  loudness 
and  (|uality,  deix-ndent  respectively  ui>on  number  of  vibrations 
per  unit  of  time,  upon  the  anii>litude  of  th(»  vibrations,  and  upon 
combinations  (»f  overtones  ;  in  light  we  differentiate  color,  infenmftfy 
and  foiin  dependent  respe<-tively  upon  numi)er  of  vibrations  ]>er 
unit  time,  upon  the  ami)litude  of  the  vibrations  and  upon  combi- 
nations of  intensities  (lights  and  shadows). 

1.  Form. — The  sensation  (if  detail  in  structure  is  clearest  at 
the  fovea  eentnilis  and  (h'creases  pnip'essively  in  every  direction 
from  tliat  point  in  tlie  retina.  That  this  s})eeialization  of  form- 
sensation  is  in  some  way  connected  with  the  fact  that,  of  the  hkIs 
and  eones,  cones  only  are  present  in  the  niaeula  and  these  are 
l>ron<rht  into  special  prominence  in  tlie  fovea,  has  been  suggested 
above.  But  tlie  color  sensation  is  also  induced  by  stimulation  of 
the  fovea,  thou<»:h  Kiihn<'  and  others  show  that  differentiation  of 
color  is  less  acute  at  the  fovea  than  in  area  outside  of  it. 

2.  Intensity. — Intensity  depends  upon  the  amplitude  of  the 
vibration  of  the  medium  which  hist  transmits  the  light  to  the  eye. 
As  in  the  case  of  intensity  of  sound  this  may  depend  upon  the 
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amplitude  of  vibration  of  the  sonorous  or  the  luminiferous  body, 
or  upon  the  summation  of  the  eflTects  of  several  vibrating  bodies. 
The  sound  produced  by  two  sonorous  bodies  of  the  same  pitch 
and  amplitude  will  be  more  intense  because  of  the  summation  of 
the  undulations ;  in  the  same  way  the  light  proiluced  by  two  can- 
dles will  be  more  intense  than  that  produced  by  one. 

The  sensation  induced  by  lights  of  varying  intensity  is  not  com- 
mensurate with  the  intensity,  but  obeys  WcIxt's  law  of  sensation  : 
The  smallest  change  in  the  magnitude  of  a  stimulus,  which  one 
i^in  ai>preciate  through  a  change  in  one's  sensation  always  bears  the 
same  pro]>ortion  to  the  whole  magnitude  of  the  stimulus.  (As 
formulated  by  Foster.)  Applied  to  vision,  the  proportion  is  1  to 
100,  that  is,  0.1  candle-power  added  to  or  subtracted  from  a  10- 
csmdle-])ower  light,  1  cjindle  added  to  or  subtracted  from  a  100- 
candk»-]>ower  light,  and  10  candles  in  a  1000-candle-ix)wer  light 
can  be  detected,  and  so  on. 

3.  Color. — Color  depends  upon  the  number  of  vibrations  of 
a  luminous  bcxly ;  as  pitch  dei>ends  upon  the  number  of  vibra- 
tions of  a  sonorous  Ixxly.  The  white  light  that  comes  from  the 
sun  may  be  readily  decomiK)sed  into  a  number  of  principal  colors 
and  an  innumerable  number  of  intermediate  mixtures.  The  prin- 
cipal colors  have  the  following  rate  of  vibration  :  Red,  392  tril- 
lions of  vibrations  j>er  sewmd  ;  oninge,  532  trillions  ;  yellow,  563 
trillions ;  green,  607  trillions ;  blue,  653  trillions  ;  indigo,  676 
trillions  ;  violet,  757  trillions.  These  vibrations  range  in  wave- 
lengths from  766  millionths  of  a  millimeter  to  about  half  of  that 

Fifj.  274. 
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(ieonietrical  color  table. 

l('n<rtli.  The  (-(ilors  nani(»d  alM>ve  are  the  princijml  or  the  clearly 
pronounced  colors  of  the  s|KH*tnnn  ;  from  three  of  these  all  other 
colors  may  be  })r(Kluced,  these  three  arc  the  fundamental  or  ;>/•/- 
iiifd'i/  ('(tlors :  red,  (jrccn,  violet.  The  accompanying  figure  (Fig. 
274)  sliows  grai)hically  the  relation  which  these  colors  bear  to 
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each  other.  Not  only  does  a  combination  of  all  of  the  colors  pro- 
duce white,  but  a  combination  of  certain  of  the  colors  in  pairs 
produces  white ;  these  pairs  are  called  complementary  colors  :  (i) 
red  and  greenish  blue  ;  (ii)  yellow  and  indigo ;  (m)  orange  and 
cyan  blue ;  (iv)  violet  and  greenish-yellow. 

How  the  different  colors  can  stimulate  the  retina  has  been  the 
subject  of  considerable  controversy. 

(a)  The  Youxg-Hei.mholtz  Theory,  assumes  that  there  are 
in  the  retina  three  different  kinds  of  sensory  elements  which  re- 
spond to  the  three  different  primary  colors, — red,  green  and  violet, 
— and  that  "  every  color  of  the  spectrum  excites  all  of  the  elements, 
some  of  them  feebly,  others  strongly  "  (Landois).  The  perception  of 
color  is  then  a  resultant  of  the  combined  sensations  brought  to  the 
sensorium  by  the  three  sets  of  elements. 

(6)  The  Herixg  Theory  is  based  upon  the  principles  of 
metabolism  and  upon  the  color-law  of  Grassman  :  "  If  two  simple 
but  non-complementarj'  spectral  colors  be  mixed  with  each  other 
they  give  rise  to  the  color-sensation  which  may  be  represented  by 
a  color  lying  in  the  spectrum  between  both  and  mixed  with  a  cer- 
tain quantity  of  white  f  i.  e.,  every  color  sensation  except  those 
of  the  primary  colors  may  be  produced  by  a  color  of  the  spectrum 
plus  white.  Hering  assumes  :  (i)  That  light  produces  metabolism 
in  the  retina ;  (ii)  that  the  metabolic  processes  are  in  part  anabolic 
and  in  part  katabolic ;  (in)  that  white,  red,  and  yellow  sensations 
are  katabolic,  i,  e.,  accompanied  by  disint^ration  and  fatigue; 
and  that  black,  green,  and  blue  sensations  are  anabolic,  i.  e.,  ac- 
companied by  integration  and  rest ;  (iv)  these  metalx)lic  processes 
are  assumed  to  be  paireil ;  /.  c,  white  and  black  sensations  affect 
the  same  visual  substance  in  opposite  directions  ;  re<l  and  green 
stimulate  another  visual  substance  ;  and  yellow  and  blue  stimulate 
a  third.  Xow  according  to  Grassman's  law  of  color  sensation : 
Any  color  sensation,  except  that  of  a  primary  color,  may  be  pro- 
duced by  a  color  of  the  spectrum  plus  white.  Hering  assumes 
that  white  visual  sui)staiiee  is  katabolized  not  only  when  one  sees 
white  but  incidentally  in  all  color  sensations  except  primary  ones. 

(r)  Thk  Fuaxklix  Thkory  is  not  antagonistic  to  either  of 
the  foregoing,  l)ut  ratlu*r  suj)i>lementary.  It  is  based  upon  the 
facts  of  comparative  j)hysiology,  and  assumes  that  the  rudimen- 
tary eye  distiii^uislu'S  between  light  and  dark  only  and  possesses 
ncitlier  form  nor  color  senses  ;  so  that  the  fundamental  point  of 
departure  is  a  sensation  of  simple  light  or  dark  (Hering's  white 
and  black  sensation)  i)roduced  by  stimulation  of  a  fundamental 
"  risufif  f/rdt/^'  which  causes  an  accentuation  of  either  the  white  or 
the  black  in  it, — (presumably  by  modifications  in  the  metalwlism 
set  up).  This  theory  assumes  that  the  yellow-blue  substance  was 
next  developed  and  the  red-green  last. 
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The  adherents  of  either  the  Young-Helmholtz  or  the  Bering 
theory,  especially  the  latter,  may  well  accept  the  Franklin  theory 
as  supplementary,  as  it  awounts  easily  for  the  fact  that  red-green 
color-blindness  is  most  common,  and  yellow-blue  blindness  ratlier 
rare,  while  inability  to  see  black  and  white  is  only  found  in  cases 
of  congenital,  total  blindness.  Furthermore,  reference  to  the  perim- 
eter chart  shows  that  white-black  covers  the  largest  area  of  the 
retina,  yellow-blue  an  area  within  that  which  red-green  is  smallest 
and  quite  near  the  center. 

b.  Secondary  Sensations. 

1.  After-images. — If  one  fix  the  gaze  upon  a  brightly  illumi- 
nated figure  or  pattern  for  15  seconds  and  then  direct  it  toward  a 
plain  surface  the  image  of  the  pattern  gazed  at  will  be  seen  upon 
the  plain  background  of  the  second  field  of  vision.  If  the  after- 
image lias  the  same  colors  as  the  first  it  is  called  a  positive  afier-im- 
age.  Positive  after-images  are  usually  caused  by  strong  stimuli 
of  short  duration  rather  than  by  moderate  stimuli  of  long  dura- 
tion. If  the  after-image  is  in  the  complementary  color  of  the 
original  pattern  it  is  called  a  negative  after-image.  If  one  gaze 
intently  at  a  green  pattern  then  turn  to  a  red  field  the  pattern  aj>- 
ixjars  deep  red  upon  the  red  field.  It  will  also  appear  red  upon 
a  neutnd  field.    Negative  after-images  are  a  sign  of  retinal  fatigue. 

2.  Contrast. — Contrast  is  the  accentuation  of  a  color-sensation 
through  contiguity  or  succession  of  another  color,  especially  a 
complementary  color.  A  piece  of  note-paper  may  look  white 
upon  a  black  background,  but  if  it  is  put  upon  a  really  white  back- 
ground it  will  be  seen  to  be  far  from  white.  In  a  similar  manner 
blue  or  yellow  accentuate  each  other  as  do  re<l  and  green.  A'^arious 
other  combinations  have  this  reciprocal  effect.  If  the  effiKit  is  pro- 
duced by  lo< iking  at  the  two  contrasting  colors  at  the  same  time 
the  sensiition  is  called  ftimu/taneous  contrast;  if  by  looking  at  the 
contrasting  colors  one  after  another  it  is  called  successive  contrast. 

c.  Golor-Blindness. 

Of  the  male  i>(»pulation  4  per  cent,  or  5  per  cent,  and  of  the 
female  i)(>})ulation  ai)oiit  1  jht  cent,  are  unable  to  diflTerentiate  cer- 
tain colors.    Such  ])ersons  are  called  *^  color-blind.'' 

1.  Complete  Color-blindness. — (Achromatopsy.)  Individuals 
thus  afilicted  can  distinguish  lights  and  shades  but  have  no  color 
sense  whatever.  According  to  the  Hering  theory  they  lack  both 
the  n*(l-gr(H'n  and  the  yellow-blue  visual  substance ;  according  to 
the  Fmnklin  theory  they  repri^sent  cases  of  arrestcKl  development 
of  color  sense  in  a  condition  representing  a  very  primitive  con- 
dition when  only  the  mental  color  substance  is  present. 
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2.  Yellow-blue  Blindness. — In  this  condition  the  blue  end  of 
the  spectrum  is  absolutely  dark  and  the  yellow  may  be  more  or 
less  iUuminated  but  void  of  color.  This  represents  also  an  arrest 
of  development ;  but  this  arrest  occurs  after  considerable  progress 
has  been  made. 

3.  Red-green  Blindness. — By  far  the  most  common  form  of 
color  blindness,  this  is  assumed  by  the  Franklin  theory  to  repre- 
sent the  last  step  in  the  development  of  the  color  sense  and,  there- 
fore, the  first  to  fail  in  c^se  of  an  arrest  of  development. 

4.  Acquired  Color-blindness  may  result  from  disease  of  the 
retina. 

5.  Normal  Color-blindness  exists  in  the  periphery  of  the  ret- 
ina. Passing  from  without  inwards  the  outermost  sensation  is 
that  of  white  (and  black)  ;  the  next  that  of  yellow  and  blue,  fol- 
lowed by  red  and  green.    (See  Perimetry.) 

3.  VISUAL  PERCEPTIONS  AND  JUDGMENTS. 

One  may  have  a  sensation  of  black  lines  upon  a  white  surface 
without  perceiving  in  the  lines  a  letter  or  word.  The  retino-cere- 
bral  apparatus  brings  to  the  sensorium  of  the  untutored  savage  the 
same  sensations  a.s  it  does  to  the  sensorium  of  the  scholar.  The 
savage  "  senses  "  a  written  word  u]X)n  a  page,  but  does  not  perceive 
it ;  on  the  other  hand,  the  scholar  may  "  sense  the  twigs  ui)on  the 
forest  path  without  perceiving  in  their  ]X)sition  and  condition  the 
track  of  an  animal.  Simple  sensation  involves  nothing  higher 
than  the  sensorium.  There  is  no  reason  to  believe  that  the  sen- 
sorium brings  to  the  consciousness  of  different  individuals  different 
scnsiitions.  Perception  involves  cerebration  in  the  interpretation 
of  sensations.  Perception  involves  previous  knowledge  or  mem- 
ory of  the  same  or  related  sensations.  Effectual  j>erce})tion,  like 
effectual  niarksmanshij),  depends  upon  the  man  behind  the  instru- 
ment. 

Msufff  pcr('ej)fion  is  the  sreinr/  iclth  underMftnding,  J^muil 
jiKlf/mcnts  are  i)ase<l  upon  visual  j>erce})tions  and  represent  conclu- 
sions reached  after  coini)arison  of  i>revious  i)erceptions. 

a,  Acuteness  of  Vision. 

It  is  fre([ueiitly  necessary  to  test  tlie  acuteness  of  vision  through 
a  comparison  of  visual  j)ercej)tions.  An  individual  whose  acute- 
ness of  vision  is  in  question  })resents  liiniself  to  the  ophthalmologist 
for  examination.  If  tlie  sui)ject  is  schooled  in  interpreting  dim 
and  distorted  imajics  lie  may  mislead  the  observer  for  a  few  mo- 
ments witli  his  acute  perception,  but  the  faulty  sensation  must 
sooner  or  hiter  reveal  itself.  Tlie  observer  will  present  to  the 
subject  a  series  of  letters  in  unusual  combinations,  so  that  there 
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will  be  no  way  in  which  he  can  get  a  clue  for  his  judgment  to 
work  upon. 

To  be  more  concrete :  The  acuteness  of  vision  is  tested  bv 
reading  letters  of  various  heights  at  various  distances.  The  nor- 
mal eye  (emmetropic  eye)  should  see  clearly  at  6  m. — the  ocu- 
list's infinity — letters  which  subtend  an  angle  of  5' ;  i.  e.,  letters 
1 J  cm.  in  height.  At  12  meters  the  normal  eye  should  distinguish 
and  name  letters  which  are  2J  cm.  in  height.  These  letters  sub- 
tend an  angle  of  5' — the  minimum  angle  of  clear  vision.  If  the 
individual  can  see  at  6  m.  only  what  he  should  see  at  12  m.,  he  is 

credited  with:    Vision  =      ;  if  he  can  see  at  6  m.  what  he 

should  see  at  30  m.,  he  is  credited  with  :    Vision  =      .    If  by 

cultivation  the  visual  power  has  been  brought  up  above  the  aver- 
age so  that  he  can  see  at  6  m.  what  the  average  eye  must  bring  to 

3  m.  to  see,  he  will  be  credited  with  :    Vision  = 

The  acuteness  of  vision  varies  much  with  the  habits  and  employ- 
ment of  the  individual.  Persons  employed  at  fine,  close  work  ac- 
quire a  microscopic  vision ;  i.  e.,  ability  to  see  and  inteq^ret  the 
minutest  detail  of  structure.  Persons  employed  in  vocations  which 
require  long-distance  vision  acquire  telescopic  eyes;  i.  e.,  ability  to 
sw  and  interpret  structure  of  distant  objects.  Sailors  and  range- 
men  ]x>ssess  this  ability  to  a  marked  degree. 


6.  Visual  Estimates. 

1.  Estimate  of  Distance. — This  judgment  is  based  upon  a 
combination  of  at  least  two  sensjitions  or  jKTceptions  :  (l)  sensation 
of  the  accommodation  requirt^d  to  focus  the  image*  of  the  object  U|x>n 
the  retina  ;  (ii)  the  sensation  of  the  c(mvergence  required  to  direct 
tlic  two  visual  lines  at  the  same  ol)ject  in  the  binocular  vision. 
Tlicse  sensations  are  exam})les  of  nmscular-sense.  One  estimates 
these  nniseular  efforts  instinctively.  Ujnm  these  instinctive  esti- 
mates (Hie  bases  his  judgment  of  the  distance  of  an  object.  But 
other  considerations  may  enter  in  to  assist  in  the  estimate  of  dis- 
tance. F<»r  example,  a  movement  of  the  head  or  Innly  causes  a 
(lis})hieenient  of  nearer  objwts  in  the  background  formed  by  more 
distinct  ohj(*ets  ;  one  learns  by  ex|KTience  how  nnich  this  displace- 
ment should  be  for  given  distances  and  bases  his  judgment  ac- 
cordingly. The  known  size  of  an  object  is  an  im|)ortant  factor  in 
the  estimate  of  its  distance.  In  this  estimate  <me  instinctively 
measures  the  image  and  compares  it  with  the  image  of  the  same 
object  at  a  short  distance. 
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2.  Estimate  of  Size. — ^This  judgment  is  based  ujwn  two  per- 
ceptions :  (i)  the  size  of  the  image ;  and  (ii)  the  distance  of  the 
object.  Various  other  considerations  may  enter  in  to  modify  the 
judgment. 

The  subject  of  visual  ilhisions  belongs  more  properly  to  psy- 
chology than  to  physiology  and  will,  therefore,  not  be  discussed 
here. 


CHAPTER  XI. 


THE  PHYSIOLOGY  OP  THE  NERVOUS  SYSTEM. 

^.\THE  NEURON:   STRUCTURAL  AND  FUNCTIONAL  UNIT  OF  THE 
NERVOUS  SYSTEM. 

1.  THE  STRUCTURE  OF  THE  NEURON. 

a.  General  Dencription. 

b.  Types  of  Neurons. 

c.  Interrelations  of  the  Neurons, 

d.  The  Neuronal  Cell-body. 

e.  The  Dendrites. 

f.  The  Axons. 

g.  Axonic  Collaterals. 

2.  THE  PHYSIOLOGY  OF  THE  NEURON. 

a.  Cellulipetal  and  Cellulifugal  Messages. 

b.  The  Dynamic  Polarity  of  the  Neuron. 

c.  Changes  within  the  Neuron  During  Its  Activity. 

d.  Function  of  the  Nerve-fiber. 

e.  Function  of  End-organs. 

f.  Effect  of  Structural  Modification  upon  the  Function  of  the  Neuron. 

g.  Effect  of  Mutilation  upon  the  Neuron. 

h.  Post-natal  Neuronic  Development. 

* B.    CONDUCTION  AND   REFLEX  ACTION:    THE   PHYSIOLOGY  OF 

THE  SPINAL  CORD. 

1.  THE  SPINAL  CORD  AS  A  CONDUCTOR   OF  NERVOUS  IM- 

PULSES. 

a.  The  CorR8K  of  Sensory  Impi  lses. 
h.  The  Coi  RHE  of  Motor  lMPriJ<F>j. 

2.  THE  SPINAL  CORD  AS  A  REFLEX  CENTER. 

(I.  Reflex  Action. 

(1)  (General  Considerations. 

(2)  The  Purposeful  Character  of  Reflex  Action, 

(3)  The  Time  Required  for  Reflex  Action. 

( 4 )  The  In h ih it io n  of  Reflex  A ct io u . 

b.  The  Keflex E8. 

( 1 )  Superficial  Reflexes. 

(2)  J>eep  Reflexes. 

(3)  Organic  Reflexes. 

(4)  Relation  of  Reflex  Action  to  Higher  Psychic  Phenomena^ 

c.  The  Location  of  Reflex  Center.*?. 

:\.    Tin:  TKOPIIIC  FUNCTIONS  OF  THE  SPINAL  CORD. 
4.   Tin:  PIIVSlOLOiJY  of  the  medulla  ()BLON(iATA  OE  MYE< 
LKNCKPHALON. 

a.  The  Medi  lla  as  a  Medium  of  CoNonmoN. 

b.  The  Medi  lla  as  an  Independent  Center. 

(\   C<)r)HI)INATloN  AND  EQUILIBRIUM:  THE  PHYSIOIX)GY  OF  THE 
<  KP.KMKLIJ  M  OK  METENCEPHALON. 
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1.  COORDINATION:   ADJUSTMENT  OF  MUSCULAR  ACTION. 

2.  EQUILIBRATION:    THE   MAINTENANCE  OF  THE  EQUILIB- 

RIUM. 

D,  VISION,  COORDINATION  OF  EQUILIBRATION-MOVEMENTS:  THE* 

PHYSIOLOGY  OF  THE  MID-BRAIN  OR  MESENCEPHALON. 

E,  THE  PHYSIOLOGY  OF  THE  INTERBRAIN  OR  THALAMENCEPHA- 

LON. 

F,  CONSCIOUS  SENSATION,  VOLUNTARY  MOTION,  INTELLECT:  THE 

PHYSIOLOGY  OF  THE  CEREBRUM  OR  PROSENCEPHALON. 

1.  INTRODUCTORY. 

a.  The  Vascular  Supply  of  the  Brain. 
6.  The  Movements  of  the  Brain. 

2.  THE  PHYSIOLOGY  OF  THE  CEREBRUM. 

a.  General  Considerations. 

h.  Localization  of  Function  in  the  Cerebrum. 

( 1 )  Experiments  npon  Monkeys. 

(2)  Results  of  Obsen^ations  upon  Man. 
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THE  PHYSIOLOGY  OF  THE  NERVOUS 
SYSTEM.^ 

A.  THE  NEURON:   STRUCTURAL  AND  FUNCTIONAL 
XTNIT  OF  THE  NERVOUS  SYSTEM. 

1.    THE  STRUCTURE  OF  THE  NEURON. 

Ix  the  study  of  the  i)hysi()l()p:y  of  the  nervous  system,  a  definite 
eonij)rehension  of  the  neuron  is,  }>erha|)s,  the  first  requisite.  The 
ohler  manner  of  regarding  the  nervous  system  as  funetioning  ac- 
cording to  its  hirger  anatomical  divisions  and  tlieir  inter-rehit ion- 
ships,  gave  i)lace  to  that  which  recognized  tlie  nerve-cell  and  the 
nerve-fiber  as  the  basal  elements  of  nerve-function  ;  this  idea 
has  in  turn  given  way  to  the  more  exact  conception  of  the  neuron 
forming  tlie  functional  unit  of  this  mechanism,  which  in  the 
human  organism  reaches  its  higliest  development.  Only  within 
the  last  two  decades  lias  investigation  enabled  us  to  predicate  with 

^  For  the  enibrvolo^ioal  introduction  to  this  chapter  the  student  is  referred  to 
the  chapter  on  Kepnxhiction  and  Development  of  the  Embryo,  p.  617  et  seq. 

For  jreneral  introduction  tlie  student  ii*  referred  to  the  chapter  on  General 
Physioh)^y,  p.  94  et  sihj. 

Furtliermore,  it  is  assumed  that  a  study  of  the  anatomy  of  the  nervous  system 
has  been  made  ;  and,  therefore,  to  tlie  largest  extent  possible  it  will  I >e  sought  to 
avoid  entering  that  Held  here. 
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certainty,  that  all  nervous  phenomena  depend  upon  the  functional 
activity  of  these  units,  and  only  within  the  last  ten  years  have  we 
learned  with  definiteness  the  nearer  natiu-e  of  these  units. 

(a)  (General  Description. — The  term  Neuron  signifies  a  nerve- 
unit,  or  a  nerve-cell  with  its  processes.  Waldeyer  first  used  it  in 
1891. 

Recall  from  embryology  the  formation  in  the  impregnated 
ovum  of  three  distinct  cell-layers,  of  which  the  external  one,  the 
epiblast,  by  a  process  of  dipping  in,  forms  the  primitive  streak 


Fig.  275. 


(Jolgi's  cell— type  i.  Cell  from  the  optic  tract  of  the  cat  laterally  from  the  lateral  geniculate 
body.  Kaiiiating  from  the  cell-body  are  to  be  seen  very  manv  protoplaMmic  processes  which 
show  a  broad  wedge  of  origin  and  branch  characteristically  ;  the  single  axis  cylinder  pntceaa, 
n,  has  a  »<iii<x>th  surface  and  tolerably  even  caliber,  which  is  maintained  for  a  considerable  dls- 
tanc-o  from  the  cell.  It  gives  off  a  few  delicate  lateral  branches  or  collaterals,  c.  (After  K6l- 
LiKKH.)   Fig.  59,  referred  to  above,  is  also  an  example  of  Type  i. 

or  gr<K)ve.  This  groove  sinks  still  deeper  into  the  subjacent  mes- 
oblastic  layer,  its  edges  finally  fusing  to  form  of  it  a  canal,  ex- 
tending the  length  of  the  embrjx),  and,  eventually  separated  from 
the  sujx'rficial  epiblastic  membrane,  forms  the  primitive  cerebro- 
s]>inal  axis ;  in  this  way  we  remember  the  epiblastic  origin  of  the 
ncTve-oell,  /A^  neuron.  Following  a  little  further,  one  sees  how 
this  canal,  the  central  canal,  with  its  epithelial  lining  develops,  at 
the  cei>halic  end,  the  complex  brain,  and  how  the  rest  of  the  tube 
develops  into  the  intricate  structure  of  the  spinal  cord,  from  which 
cerebrospinal  axis  there  8e|)arute  off,  in  time,  isolated  foci  of 
ej)iblastic  cells,  which  we  later  come  to  recognize  as  ganglia,  situ- 
34 
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ated  either  in  close  proximity  to,  or  remote  from  the  central  axis ; 
and  at  last,  in  the  fully  developed  foetus,  a  minute  examination  of 
the  entire  nervous  system  reveals  nothing  but  a  complex  prolifer- 
ation of  epiblastic  cells,  the  neurons,  with  their  supporting  con- 
nective tissue  and  their  blood-supplying  vessels.  Further,  in  its 
later,  fuller  development,  we  discover  but  a  greater  wealth  of 
neurons,  to  account  for  the  vastly  augmented  phenomena  of  nerv- 
ous activity  in  adult  life. 

The  cell-body  is  of  different  sizes  and  shapes  in  different  por- 
tions of  the  nervous  system.  In  the  ganglia  of  the  posterior 
spinal  roots,  unipolar  cells  are  found ;  in  the  cortex  of  the  brain 
there  are  bipolar  cells,  and  in  various  parts  of  the  nervous  sys- 
tem, multipolar  cells,  as  in  the  motor  centers  in  the  cerebral  cor- 
tex, and  in  the  anterior  horns  of  the  spinal  cord.  (For  figure 
of  a  typical  neuron,  see  Fig.  59,  p.  95).  These  cell  bodies,  of 
various  shapes  and  sizes,  are  made  up  of  protoplasm,  contained 
within  a  limiting  membrane.  This  protoplasm  presents  a  delicate 
fibrillated  structure,  the  fibrillations  seeming  to  be  continuous  with 
the  component  fibrils  of  the  axon  (see  belowV  Besides  the  fibrils, 
the  cell  protoplasm  is  more  or  less  chargea  with  fine  dark  gran- 
ules, the  "  dark  bodies  of  Nissl."  Occupying  a  feirly  central  po- 
sition in  the  cell-body  is  one  relatively  large  nucleus,  with  a  dis- 
tinct nucleolus.  The  cell-bodies  are  most  numerous  in  the  gray 
matter  of  the  nervous  system,  cerebral  and  cerebellar  cortices,  ba- 
sal ganglia  of  brain,  gray  matter  of  pons,  medulla  oblongata  and 
spinal  cord,  and  in  the  ganglia  throughout  the  body. 

The  neurobkistiSy  or  embrj^onic  cells  from  which  are  developed 
the  neurons,  are  isolated  oval  or  pear-shaped  cells  (His)  without 
processes.  Later,  at  the  end  of  the  cell  directed  away  from  the 
epiblastic  surface,  there  arises  a  process,  which  becomes  the  axis- 
n/linder  pnx'ess,  axoUy  neurite  or  neunixon.  Subsequently  from 
'he  opposite  extremity  of  the  cell-body  api>ears  one  or  several  proc- 
esses, the  (lendriteii.  These,  as  the  name  indicates,  divide  into 
numerous  branches,  like  the  limbs  of  a  tree,  and  they  increase  in 
number  and  in  extent,  as  their  function,  in  its  development,  be- 
comes more  and  more  involved.  Embrvologically  then,  it  will  be 
seen  that  both  the  axon  and  the  dendrites  grow  out  of  the  cell- 
body. 

(b)  Types  of  Neurons. — Morphologi(-ally,  Golgi  was  able  to 
distinpiish  two  general  types  of  neurons,  which  have  been  generally 
adoptcKl,  and  are  spoken  of  as  Golgi's  "cell-type  i and  "type  ii.'* 

"The  cell-type  I,  as  described  by  Golgi,  agrees,  in  the  main, 
with  the  general  descri})tion  of  a  central  nerve-cell  given  by  Deit- 
ers,  being  charaeterizecl  by  much-branched  protoplasmic  processes 
(usually  multiple)  and  the  single  axis-cylinder  pnwess.  That  the 
latter  was  unbranclied,  however,  as  Deiters  maintained,  Golgi  de- 
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nied,  and  the  discovery  of  side  branches  (or  collaterals)  upon  the 
axis-cylinder  processes,  first  of  the  pyramidal  cells  of  the  cerebral 
cortex,  and  later  upon  those  of  the  Purkinje  cells  of  the  cerebellum, 
represents  an  advance  of  a  degree 
of   importance   utterly   beyond  ' 
G^o^gi^s  conception  at  that  time. 

"  These  side  branches  given  off 
by  the  axis-cylinder  process  of 
cell-type  i,  were  usually  delicate 
and  exercised  a  hardly  perceptible 
influence  upon  the  caliber  of  the 
main  fiber,  which  retained  its  in- 
dividuality at  least  for  a  long 
distance  from  the  cell.  Golgi 
noted  that  these  side  branches  ex- 
isted also  upon  the  motor  fil)ers 
of  the  anterior  horns  (since  dis- 
proved) and  that  similar  ones  were 
given  off  by  the  fibers  of  the 
white  fasciculi  of  the  spinal  cord, 
whence  they  ran  into  the  gray 
matter/^ 

The  distal  extremity  of  the 
axon  usually  breaks  up  into  an 
arborization,  the  single  branches 
of  which  are  in  a  relation  of  con- 
tiguity with  the  dendrites  of  an- 
other neuron,  or  as  in  the  ca.se  of  a 
l>eriphenil  motor  neuron,  are  flat- 
t^'ned  out  on  the  muscle  fibers,  .  ^^^?*''',**"7^'''^,."',  ^it^  »»»ort 

,  .  _     ,  /»     1      branchod  axis  cvlinder  from  the  fcranular 

tormini!:    the    ena-l)lates    or    the   layer  of  the  cerebellum  of  a  cat  aged  eight 
"  days.    (After  Van*  Gkhuchten.) 

nerve. 

Cell-type*  II  differs  from  type  I,  characteristically  only  in  the 
branching  of  the  axon.  In  ty|>e  ir  this  process  begins  to  divide 
very  s(M)n  after  its  exit  from  the  ciJl-body,  into  a  largt*  number 
of  minute  branches,  forming  a  dense  arborization,  whose  main 
branch  is  distinguishable  only  a  short  distance  from  the  cell-body. 

(xolgi's  inference  that  cell-ty|w  I  is  motor  while  cell-type  ii  is 
sensory  has  since  been  disproved. 

(r)  Interrelations  of  the  Neurons. — A  point  of  great  impor- 
tance, with  referen(»e  both  to  the  physiology  and  the  pathology  of 
the  nervous  system,  is  the  indejxindence  of  each  individual  neuron  as 
regards  all  other  neurons,  histologically.  His  and  Forel  were 
the  first  to  enunciate*  this  doctrine.  It  had  previously  been  held 
that  the  branching  processes  of  neighboring  neurons  formed  a  true 
net-work,  by  a  species  of  anastomosis,  so  to  s|Xiak.    But  His, 
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from  embryology,  and  Forel,  from  pathological  anatomy  and  ex- 
perimental pathology,  were  able  to  state  the  principle  of  con- 
tiguity as  explaining  the  interrelationships  of  neurons, — a  prin- 
ciple now  generally  accepted  as  true,  although  future  more  minute 
microscopical  investigation  may  disclose  a  joining  together  of  the 
ultimate  branches  of  correlated  neurons.  Within  the  last  ten 
years  our  knowledge  of  the  structure  of  neurons  has  been  greatly 
enriched  by  the  researches  of  Ram6n  y  Cajal.  He  has  given  us  : 
(a)  Confirmatory  evidence  of  the  independence  structurally  of  each 
neuron  with  reference  to  the  rest,  the  collateral  branches  from 
the  axons  forming  anastomoses  no  more  than  the  dendrites  ;  A 
fairly  correct  idea  of  the  great  numbers  and  significance  of  these 
axonic  collaterals ;  and  (y)  A  demonstration  of  the  general  simi- 
larity of  structure  of  the  neurons  everywhere,  notwithstanding  the 
feet  of  many  minor  dissimilarities. 

From  his  study  of  the  axonic  collaterals  Ram6n  y  Cajal  was 
able  to  state  that  they  leave  the  axon  by  wedge-shaped  buddings, 
almost  at  right  angles  to  it.  Such  branches  in  the  spinal  cord 
penetrated  deeply  into  the  gray  matter  and  formed  free  arboriza- 
tions among  cells  there  located,  coming  into  relation  with  their 
dendrites.  They  were  met  with  fairly  constantly  in  the  white 
tracts  of  the  spinal  cord,  but  are  probably  not  to  be  found  on  the 
axons  constituting  the  ventral  roots  of  the  cord.  A  peculiar  dis- 
position of  the  axons  making  up  the  posterior  roots  was  observed. 
Here  the  axon  arises  from  a  cell  in  the  ganglion  located  on  the 
root,  and  passes  into  the  posterior  part  of  the  cord  itself.  Upon 
entering  the  cord  it  divides  distinctly  into  two  branches,  one  as- 
cending and  one  descending,  both  becoming  longitudinal  in  the 
posterior  columns  of  the  cord.  From  them  both  collaterals  pass 
horizontally  to  communicate  with  cells  at  various  levels  in  the 
gray  matter.  These  collaterals  entering  the  gray  matter  from  the 
dorsal  tracts  arc  conspicuous  features  of  nearly  all  cross-sections  of 
the  spinal  cord.  The  same  disposition  of  cranial  nerve-fibers, 
centripetally  directed,  was  observed  by  Kolliker.  In  these  sub- 
divisions and  collaterals  of  the  sensory  fibers  given  off  at  dif- 
ferent levels  in  the  cord  and  medulla  oblongata,  doubtless  lies  the 
anatomical  explanation  of  simple  and  complex  reflex  actions  and 
probably  also  of  the  siniultaneons  production  of  reflex  action  with 
consciousness  of  the  stimulus  producing  it. 

Kamon  y  Cnjal  also  showal  that  in  all  probability  Golgi's  cell- 
type  I  differs  from  cell-type  ii  only  in  the  destination  of  their  re- 
spective axons,  that  of  the  former  ending  in  an  arboriziition  at  a 
considerable  distance  from  the  cell-body,  while  that  of  the  latter 
divides  up  near  the  cell-body,  each  being  peculiarly  adapted  to 
the  function  required  of  it. 

In  this  way  is  explain(^  the  more  fre(|uent  occurrence  of  c*ells 
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of  type  I  which  are  found  almost  exclusively  in  paths  uniting 
more  or  less  distant  portions  of  gray  matter,  and  the  finding 
of  cells  of  type  n  only  in  gray  matter,  in  which  are  found 
numerous  cells,  with  their  communications  formed  by  the  mi- 
nutely branching  axis-cylinder  processes  (dendraxons).  Inter- 
mediate forms  of  axonic  branching  have  been  described,  occurring 
in  the  spinal  cord  and  in  the  cerebellum. 

The  more  recently  introduced  methods,  methods  of  staining 
ncrve-tissuo  with  methylene  blue,  either  intra  vitamy  as  suggested 
by  Ehrlich,  or  post  mortem,  have  confirme<l  largely  the  results  ob- 
tained previously  by  other  methods.  They  have  perhaps  given 
rise  to  greater  uncertainty  as  to  the  ultimate  anastomosis  on  the 
one  hand,  or  relationship  of  contact  on  the  other,  between  associ- 
ated neurons.  Leaving  that  point  for  the  future  to  decide,  the 
neuronal  theory  considers  the  nervous  system,  aside  from  its  neu- 
roglia, bloo<l  vessels  and  lymphatics,  as  made  up  of  countless  indi- 
vidual nerve-elements,  or  neurons.  Each  of  these  is  a  complete 
cell,  and  throughout  life  it  is  morphologically,  and  in  a  sense  also 
physiologically,  independent  of  every  other  neuron,  establishing 
communication  with  other  neurons  only  by  contiguity,  as  the  leaves 
of  two  trees  may  touch,  without  substance  actually  passing 
between  them.  The  axon  found  in  nerve-fiber,  like  the  proto- 
plasmic process  (dendrite)  found  in  gray  matter,  forms  an  integral 
jxirt  of  a  nerve-unit,  with  organic  connection  somewhere  with  a 
nerve  cell,  or  cell-body.  In  higher  animals,  the  conduction  of 
nervous  impulses  usually  proceeds  along  several  neurons  in 
one  direction,  superim- 
posed upon  each  other.  Fro.  277. 
forming  chains,  each  neu- 
ron of  the  chain  being 
in  a  position  to  be  affected 
by,  and  in  its  turn  to  af- 
fect, one  or  several  other 
neun»ns.  Though  vary- 
ing in  detail  of  construc- 
tion, all  neurons  show 
general  similarity  of  form. 
"The  nerve  life  of  the 
individual,  including  all 
his  reflex,  instinctive  and 
volitional  activities,  is 
the  sum-total  of  the  life  of 
his  niillianl  of  neunms." 

</.  The  Neuronal  Cell-body. — Neurons,  constituting  as  they 
do  single  body-cells,  possess,  like  liver-cells  or  spleen-cells,  certain 
general  cell-characteristics,  such  as  cytoplasm,  nucleus  and  nu- 
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cleolus,  a  fact  wjiich,  however,  does  not  explain  their  superiority 
in  function  over  other  cells.    Chemical  biology  may  some  day 


Fig.  278. 


Fio.  279. 


indicate  the  essential  dif- 
ferences. Within  the  last 
four  years,  the  existence  of 
a  centrosome  and  centro- 
sphere  in  nerve-cells  taken 
from  lower  and  higher  ani- 
mals has  proved  a  still 
closer  similarity  between 
them  and  other  cells. 
Whether  the  centrosome 
and  centrosphere  exist  for 
any  more  important  pur- 
pose than  to  aid  in  cell- 
division,  is  still  doubtful. 
It  has  been  demonstrated 
that  they  are  found  in  cells 
that  have  lost  all  tendency 
to  divide,  which  would  sug- 
gest some  further  function 
presid(»d  over  by  th(*m. 

The  cell-bodies  of  neu- 
rons vary  in  size  from  four  to  one  hundred  and  thirty-five  or  more 
micro-millimeters  in  diameter.  Many  are  of  characteristic  ap- 
pearance, as  for  example,  the  unipolar  cells  of  the  spinal  ganglia. 
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the  bottle-shaped  cells  of  Purkinje  in  the  cerebellum,  and  the 
pyramidal  cells  of  the  cerebral  cortex.  Among  the  smaller  cells 
are  the  granules  of  the  bulbus  olfactorius  and  the  small  cells  of 
the  cerebellum,  while  many  of  the  larger  ones,  as  the  multipolar 
cells  of  the  ventral  horns  of  the  cord,  and  the  cerebellar  cells  of 
Purkinje  are  distinctly  visible  to  the  naked  eye.  Figures  277- 
281  show  the  structure  of  a  neuronal  cell-body. 


Fio.  281. 


Figs.  277-281.  Smironal  ctU-body.  Figs.  277  and  278.  cells  from  the  anterior  horn  of  a  hu- 
man spinal  cord.  Fixed  with  alcohol  and  stained  witn  methyl-blue ;  279,  ganglion-cell  fixed 
with  alcohol  and  stained  with  heematoxylin ;  280,  ganglion-cell  from  anterior  horn  of  ftrtal 
dog.  (After  an  original  prefMiration  by  Ka3i6n  y  Cajal.)  Prepared  with  Golgi's  method.  281, 
neuroglia.  (After  an  original  preparation  by  Wkioart.)  Neuroglia-fibers  blue ;  axia-cylinders 
black.  (After  an  original  preparation  by  > I88L. )  (Figure  and  description  from  the  author's 
translation  of  Eoixoer'h  Anatomy  of  the  Central  Xerrotu  System.) 

(e)  The  Dendrites. — The  dendrites,  or  protoplasmic  processes, 
resemble  more  closely  in  appearance  the  cell-body  itself  than  does 
the  axon.  Leaving  the  cell-body  by  broad  thick  bases,  they  di- 
vide and  subdivide  into  numerous  fine  twigs,  which  end  in  free 
extremities,  and  these  free  ends,  as  has  been  stated  before,  communi- 
cate with  the  branches  of  other  neurons  only  by  entering  into  con- 
tiict  with  the  latter.  The  dendrites  of  one  cell,  as  well  as  those  of 
different  cells,  vary  in  length,  and  it  has  also  been  claimed  that, 
uiuler  certain  conditions,  a  given  dendrite  may  lengthen  or  shorten, 
a  the<)r\'  of  vast  importance,  if  true,  as  explaining  the  "  making  " 
and  breaking''  of  nerve-currents,  so  to  speak.  In  some  cells 
one  dendrite  may  be  greatly  developed,  while  the  others  remain 
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small  and  slender.  Enlargements  along  the  course  of  the  den* 
drites  have  been  observed,  although  they  may  arise  from  arti- 
ficial causes.  The  dendrites  are  seldom  straight  in  their  course, 
usually  irregular  in  direction,  in  somewhat  marked  contrast  to 
the  axons.  The  branching  of  a  dendrite  may  occur  near  to  or  at 
some  distance  from  its  origin  at  the  cell-body.  With  some  cells 
the  dendritic  tufts  cover  a  surprisingly  large  area;  in  others  they  are 
relatively  insignificant  in  extent.  Again,  firom  some  cell-bodies 
the  dendrites  originate  apparently  from  nearly  every  point  in  the 
cell-surface,  whereas  in  others,  a  more  or  less  considerable  portion 
of  this  surface  is  smooth  and  unbroken.  Some  cells  are  called 
adendritic,  from  the  apparent  absence  of  dendrites ;  but  with  the 
axons  of  such  cells  there  issue  various  branches,  united  at  first  with 
the  axons,  but  soon  leaving  the  latter  and  dividing  in  a  manner 
characteristic  of  dendrites.  They  have  been  variously  termed 
dendrites  and  axonic  collaterals.  The  unipolar  cells  of  the 
posterior  spinal  ganglia  might  be  classed  under  this  category, 
were  it  not  that  in  the  embryo,  these  cells  are  bipolar,  and  the 
two  processes  are  merged  into  one  at  or  a  little  before  birth. 
The  single  dendrite  of  these  cells  is  like  an  axon  in  so  far 
as  it  is  a  medullated  fiber  coming  from  the  periphery,  whereas 
dendrites  within  the  cerebro-spinal  axis  are  devoid  of  myelin 
sheaths,  as  are  the  cell-bodies  themselves. 

The  dendrites  of  certain  nerve-cells  are  further  characterized  by 
numerous  minute  buds,  short  lateral  branches  with  clubbed  ex- 
tremities, to  which  the  name  gemmules  has  been  applied.  They 
appear  uniformly  on  the  dendrites  of  the  pyramidal  cells  and  on 
those  of  Purkinje's  cells,  when  treated  with  nitrate  of  silver. 
They  are,  in  all  probability,  not  artificial  pnxlucts,  but  their  func- 
tion has  not  yet  been  determined. 

(/)  The  Axons  diflFer  in  many  ways  from  dendrites  :  (a)  They 
leave  their  res[)ective  cell-bodies  by  narrow  wedge-shaped  begin- 
nings, contrasting  with  the  broad  central  ends  of  dendrites.  (/?) 
The  dark  bodies  of  Xissl  found  in  the  cell-body  and  its  dendrites, 
after  treatment  with  alcohol,  are  not  found  in  the  axon,  (y)  The 
caliber  of  the  axon  varies  less  with  its  length  than  does  that  of 
the  dendrites  from  the  same  cell,  and  it  is  usually  maintained  in- 
tact for  some  distance.  This  is  true,  even  in  the  dendraxons  of 
Golgi\^  cell-ty})e  ir.  (r))  The  surface  of  an  axon  is  smooth,  its 
contour  regular,  and  it  pursues  a  fairly  direct  course,  though  not 
always  the  shortest  one  to  its  destination. 

The  length  of  an  axon  varies  from  a  few  millimeters  to  half 
the  heiglit  of  an  individual.  The  longest  ones  are  those  of  the 
motor  paths,  and  are  usually  monaxouSy  i.  e,,  they  form  each  the 
single  axon  from  their  res|K?ctive  cell-bodies.  Most  neurons  are 
monaxonic ;  those  of  the  posterior  spinal  g*anglia  may  be  called 
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diaxonic  from  the  division  of  their  axons,  soon  after  entering 
the  cord  (also  called  schizaxons),  while  there  are  found  other 
nerve-cells  giving  off  several  axons,  which  are  hence  polyaxonic. 
These  latter  neurons  are  rare.  Ram6n  y  Cajal  finds  them  in  the 
sympathetic  system,  notably  in  Auerbach's  and  Meissner's  plex- 
uses. Neurons  without  axons  {anaxonn)  are  found  in  the  bulbus 
olfactorius,  retina,  and  in  the  baskets  of  Purkinje's  cerebellar 
cells.  The  distal  terminals  of  axons  are  usually  branched  and 
free.  The  branches  may  form  an  arborization  around  a  single 
cell,  or  they  may  spread  over  a  considerable  area,  thus  establish- 
ing relationship  with  dendrites  of  a  large  number  of  neurons. 

It  perhaps  seldom  happens  that  the  terminals  of  a  given  axon 
are  in  relationship  with  the  dendrites  of  only  one  other  neuron, 
but  usually  with  many  others,  which  explains  Cajal's  term  "  a?'a- 
lanche  conduction.'^  Among  the  curious  forms  of  axonic  terminals 
observed  may  be  mentioned  the  "  climbing  fibers  "  in  the  cere- 
bellar cortex,  the  "  discs  "  in  Meissner's  corpuscles  and  epithelial 
surfaces.  But  it  must  not  be  forgotten  that  many  axons  terminate 
in  close  contact  with  the  cell-bodies  of  the  secondary  neurons, 
without  the  usual  intervention  of  dendrites  frertn  the  latter. 

Axons  of  Grolgi's  cell-type  i,  are  usually  single  and  are 
generally,  but  not  always,  medullated.  External  to  this  myelin 
sheath  is  the  neurilemma,  which  is  wanting,  however,  within  the 
cerebro-spinal  axis.  (See  Fig.  59,  p.  95.)  The  axons  in  the 
sympathetic  system  are  non-meduUated,  but  have  a  neurilemma. 
The  medullary  sheath,  when  present,  is  usually  wanting  near  the 
cell-l)ody,  and  also  on  the  axonic  terminals,  even  when  these  are 
within  the  central  nervous  system,  or  form  motor  end-plates. 

((/)  Axonic  Oollaterals. — By  the  aid  of  its  collaierals  a  given  axon 
enters  into  relationship  which  many  nerve-cells,  lying  between  its 
proximal  and  distal  ends,  a  fact  which  explains  complicate!!  re- 
flexes. 

The  number  of  collaterals  which  an  axon  possesses  varies  in  dif- 
ferent parts  of  the  nervous  system.  Some,  like  those  in  the  ven- 
tral horns  of  the  cord,  are  without  collaterals.  In  general  it  may 
be  stilted  that  those  axons  which  (*ourse  through  the  cerebro-spinal 
axis  are  providtKi  with  collaterals,  while  those  in  the  peripheral 
nervous  system  are  devoid  of  them,  and  when  present,  they  are 
more  numerous  along  that  part  of  the  axon  near  the  cell-body 
(cytoproximal  end)  than  beyond,  in  the  cytodistal  part.  This 
leads  us  to  supiH)se  that  in  the  spinal  cord  more  collaterals  are  in 
the  column  of  Burdach  than  in  that  of  Groll,  which  is  true ;  the 
latter  fasciculus,  made  up  of  the  cytodistal  portions  of  axons 
which  lower  down  in  the  con!  occupy  Burdach's  column,  is  prac- 
tically free  from  collaterals.  The  collaterals  are  usually  medul- 
lated, and  terminate  in  free  ends,  forming  arboriziitions. 
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2.   THE  PHYSIOLOGY  OF  THE  NEUBOK. 

(a)  Oellulipetal  and  Oelltdifagal  Messages. — Spontaneous 
activity  is  not  a  property  of  a  nerve-cell ;  hence  its  function  may, 
in  a  sense,  be  regarded  as  always  called  forth  by  some  irritation 
external  to  the  cell  or  its  branches.  This  external  irritation  may  be 
transmitted  to  it  through  some  neighboring  neuron  or  other  struc- 
ture, or  it  may  arrive  from  some  source  more  remote.  In  mon- 
axons  the  impulse  passes  always  away  from  the  cell-body,  hence 
is  cellulifugal.  By  the  splitting  of  the  axon  into  its  terminal 
fibers  and  fibrils  is  presented  a  good  instance  of  the  law  of  the 
multiplication  of  eflFect,  as,  for  example,  in  the  distribution  of  the 
terminal  fibrils  of  a  lower  motor  neuron  among  the  muscle-fibers 
of  its  correlated  muscle.  Again,  the  stimulation  of  a  single  gan- 
glion-cell in  the  retina  is  transmitted  by  its  axons  to  several  central 
cells  in  the  anterior  corpus  quadrigeminum,  or  in  the  optic  lobe. 
An  apparent  exception  to,  though  in  reality  a  confirmation  of,  the 
law  of  centrifugal  function  of  axons  is  provided  by  the  optic 
nerves,  in  which  certain  fibers  functionate  in  a  peripheral  direc- 
tion, their  cell-centers,  however,  from  which  arise  their  impulses, 
being  located  in  the  corpus  quadrigeminum.  The  explanation  of 
this  fact  is  not  clear.  It  has  been  demonstrated  that  there  are 
in  the  optic  nerve,  fibers,  the  stimulation  of  which  causes  contrac- 
tion of  the  corresponding  retinal  cones.  Others  have  associated 
them  with  the  nutrition  of  the  retina.  But  whatever  their 
function  is,  it  is  exerted  in  conformity  with  the  general  law  in  a 
cellulifugal  direction. 

How  is  it  with  diaxons  ?  In  the  spinal  ganglia  both  the  spinal 
and  the  i)eripheral  processes  have  the  characteristics  of  a  true  axis- 
cylinder,  myelin  sheath,  terminal  arborizations.  But  one  is  cel- 
luli})etul,  the  other  cellulifugal,  in  action.  Is  the  peripheral  proc- 
ess, whose  function  is  cellulipetal,  an  axon,  or  is  it  a  transformed 
dendrite?  Human  ontogeny  sheds  no  light  on  this  question,  but 
a  study  of  the  lower  vertebrates  proves  the  dendritic  nature  of 
these  peripheral  bmnclies  which,  during  the  process  of  develop- 
ment, have  ])ec()me  extended  to  a  great  length,  and  have  assumed 
the  histologic  appearance  of  an  axis-cylinder  (see  Fig.  282).  In 
some  of  the  invertebrates  we  find  two  types  of  peripheral  sensory 
neurons,  one  with  its  cell-body  in  the  central  nervous  apparatus, 
corresponding  to  the  human  type  ;  the  other  represented  by  a  cell- 
body  and  its  dendrites  in  the  integument,  while  its  axon  is  directed 
centnilly.  The  latter  type  corres[>onds  to  the  peripheral  nerve- 
cells  of  the  human  sense-organs  and  has  been  called  "  sense-cell 
(Sinneszelle).^' 

In  all  these  forms  of  nerve-elements  we  find  the  law  governing 
the  reception  and  transmission  of  nervous  impulses  to  be  the  same. 
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The  cell-body  receives  the  impulse  either  directly  or  through 
its  dendrites,  and  transmits  it  through  its  neuraxon.  We  see, 
further,  that  as  the  dendrites 

provide  for  the  reception  of  Fio.  282. 

stimuli  from  a  larger  field 
than  that  represented  by  the 
cell-body  itself,  so,  in  many 
instances,  is  the  discharge  of 
these  stimuli  also  accomplish- 
ed over  a  large  tract,  through 
the  medium  of  the  axon. 
This  occurs  not  only  through 
its  terminal  filaments  but  by 
means  of  its  numerous  col- 
laterals. In  this  manner  the 
peripheral  sensory  neuron  in 
vertebrates  is  in  relation  with 
all  the  levels  of  gray  matter 
lying  between  its  place  of 
entrance  into  the  spinal  cord 
and  its  terminal  branching  in 
the  nucleus  of  the  posterior 
column  to  which  it  passes. 

An  analogous  disposition 
of  the  olfactory  neurons  has 
been  demonstrated.  In  ad- 
dition to  the  collateral  branch- 
es, so-called  "  lateral"  fibrils,  given  off  by  the  axonic  stem  be- 
fore its  sheath  commences}  are  found.  Their  function  is  supposed 
to  be  receptive  and  not  emissive,  playing  an  important  r6le  in  reflex 
phenomena.    They  have  been  called  axodendrites. 

(b)  The  Dynamic  Polarity  of  the  Neuron. — The  idea  of 
dynamite  jK)larizati()n  given  in  the  foregoing  formed  the  subject  of 
a  heated  controversy  between  different  observers,  and  divided 
them  into  two  schools.  Of  these  Grolgi  headed  those  which  denied 
the  existence  of  such  polarization,  basing  their  opinion  on  the  ex- 
istence of  globular  cells  (or  adendritic  cells)  to  be  found  in  various 
parts  of  the  nervous  system.  These  cells  were  apparently  pro- 
vided with  a  single  process,  an  axis-cylinder.  From  this  they 
concluded  that  the  dendrites,  when  present  in  a  nerve-cell,  did 
not  participate  in  its  nervous  function,  but  were  trophic  organs. 

The  op]M)sing  school,  including  Van  Gehuchten,  R.  y.  Cajal, 
von  Lenhoss^k,  and  others,  insisted  on  the  dendrites  i)ossessing  a 
strictly  nervous  function.  They  demonstrated  in  these  globular 
cells  the  existence  of  dendrites  (axodendrites)  joining  the  axis-cyl- 
inder and  passing  with  it  to  join  the  cell-body.    They  also  jwinted 


A  J  sensorj  epitheliam  of  earthworm  ;  of  a 
■nail.  Note  that  the  dendritic  portion  of  the 
neuro-epithelial  cells  (d)  la  a  lingle  branch  ex- 
tending to  the  surface  of  the  epithelial  layer,  and 
that  the  axon,  neuraxon  or  neurite  (n)  extends 
ftrom  the  cell  body  to  the  central  nervous  system 
lion.    ' '  ^     '  ' 


or  to  some  gangli< 


(After  Retzius.) 


540 


THE  PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM. 


to  Grolgi's  cell-type  ii,  in  which  the  axis-cylinder  process  arises 
from  the  dendrites  instead  of  from  the  cell-body,  as  proof  of  the 
anatomical  aftd  functional  identity  of  the  protoplasm  in  the  den- 
drites and  the  cell-body.  From  this,  further,  they  formulated 
the  doctrine  that  an  adendritic  cell  in  fact  could  still  exemplify 
the  law  of  dynamic  polarization,  the  cell-body  itself  receiving 
the  stimuli  directly,  and  not  by  any  means  through  the  axis-cylin- 
der, as  contended  by  Golgi. 

(c)  Ohanges  Within  the  Neuron  Daring  its  Activity. — As  to 
the  molecular  movements  and  chemical  changes  occurring  in  the 
protoplasm  of  a  neuron  (cell-body  and  dendrites),  while  they 
doubtless  present  the  physical  basis  of  nervous  manifestations,  we 
have  learned  as  yet  but  little.  They  are  supposed  to  occur  simul- 
taneously with  the  respective  phenomena,  and  to  be  propagated  in 
the  form  of  a  wave  (von  Lenhoss^k). 

The  conditions  necessary  to  nervom  conduction  and  to  auto- 
matic activity,  or  the  spontaneous  discharge  of  nervous  function,  co- 
exist in  the  protoplasm  of  a  neuron  ;  the  substance  of  the  axon  is 
only  an  organ  of  transmission. 

Von  Lenhoss^k  has  maintained  that  not  all  dendritiform  proc- 
esses are  dendrites,  but  that  they  may  be  demonstrated  at  times 
to  be  modified  forms  of  neuraxons.  And  while  this  does  not  com- 
bat the  law  of  dynamic  polarity,  to  which  he  subscribes,  he  differs 
somewhat  from  others  of  that  school  in  his  idea  of  what  determines 
the  order  and  the  disposition  of  the  dendrites.  They  believed 
these  to  be  dependent  on  the  functional  associations  of  a  neuron. 
Von  Lenhoss6k  believes  this  purpose  could  be  served  by  fewer 
points  of  contact,  and  considers  some  of  the  dendrites  as  forming 
nutrient  processes.  A  difference  in  the  responsiveness  must  be 
imputed  to  the  different  dendrites  of  a  neuron,  as  necessary  to  ex- 
plain isolated  conduction.  The  neuronal  protopla.sm  is  probably 
not  always  nor  generally,  equally  excited  by  every  irritant.  One 
may  regard  its  qualities  of  sensitive  reaction  as  so  regulated,  that 
they  respond  only  to  certain  forms  of  irritation,  just  as  certain 
waves  of  sound  excite  vihnitions  in  a  cord  of  corresponding  length, 
but  not  in  other  cords.  This  *^  corresponding  susceptibility  "  may 
l)e  physically  represented  hv  certain  states  of  equilibrium  and  ar- 
rangements of  the  protoplasmic  molecules.  It  would  render  un- 
necessary the  su])jx)sition  that  the  production  of  new  associations 
in  the  psychic  s{)herc  ])rovokes,  as  a  material  accompaniment,  the 
formation  of  new  dendritic  branches,  but  that  existing  dendrites, 
hitherto  idle,  would  supply  the  mechanism  needed. 

(d)  Function  of  the  Nerve-fiber. — The  term  nerve-fiber  is 
used  to  (lesipuite  not  an  anatomical  unit,  but  one  of  those  cell- 
branches  which  connect  the  neuronic  cell-bfKly  with  parts  located 
at  considerable  distance  from  that  body.    The  nerve-fiber  may  be 
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dendritic,  as  in  sensory  nerves,  or  axonic.  As  stated  above,  when 
it  is  dendritic  the  substance  of  the  nerve-fiber  is  protoplasmic, 
like  that  of  the  cell-body.  But  when  it  is  an  axon  its  structure 
is  more  fibrillated — a  typical  axis-cylinder,  and  it  is  rather  to  this 
structure  that  the  term  "nerve-fiber"  applies.  (Figs.  40,  41,  42 
and  43,  p.  70  et  seq.,  show  the  structure  of  typical  nerve-fibers.) 

Histologically,  and  in  this  restricted  sense,  we  distinguish  two 
kinds  of  nerve-fibers,  (a)  those  which  are  surrounded  by  a  medul- 
lary sheath,  and  (^)  those  which  are  devoid  of  such  covering. 
The  physiological  importance  of  this  sheath,  or  of  its  absence,  is 
not  well  understood.  It  has  been  regarded  as  an  insulating  sub- 
stance, implying  a  similarity  between  a  nerve-fiber  with  the  cur- 
rent passing  through  it  and  an  electric  wire  with  its  current.  The 
existence  of  unsheathed  nerve-fibers,  however,  tends  to  disprove 
this  hypothesis.  We  know  that  the  medullary  sheath  is  found 
generally  on  nerve-fibers  which  conduct  sensory  and  motor  im- 
pulses, extending  from  a  point  near  their  respective  cell-bodies  to 
the  terminal  branches.  Certain  cranial  nerves,  as  well  as  those 
fibers  belonging  to  the  sympathetic  system  and  conveying  doubt- 
less both  afferent  and  efferent  impulses,  are  either  entirely  devoid 
of  such  a  sheath  or  have  only  a  rudimentary  one.  Of  the  cranial 
nerves  belonging  to  this  category  the  olfactory  and  the  pneumo- 
gastrie  form  striking  examples.  In  general  it  may  be  accepted 
that  those  efferent  fibers  which  arise  from  centers  in  the  cerebro- 
spinal axis  that  are  not  under  voluntary  control  are  naked  (Re- 
mak's  fibers).  Ontogeny  teaches  that  medullated  nerve-fibers 
awjuire  their  medullary  sheaths  at  different  stages  of  development, 
the  time  being  in  dose  relationship  with  the  developing  function 
of  the  fibers.  This  function  is  a  single  one,  the  conduction  of 
nervous  impulses.  Each  fiber  performs  its  function  in  one  direc- 
tion only,  and  that  is  determined  in  the  beginning,  when  the 
neuron  of  which  the  fiber  is  a  part  puts  forth  its  branches,  to 
establish  communication  with  its  surrounding  structures. 

(e)  Function  of  End-organs. — At  the  i)eripheral  extremities 
of  the  teleneurons  we  often  find  sp(x»ializcHl  structures  forming  a 
part  of  the  neuron  itself,  or  in  close  relationship  with  it.  These 
struotures  are  known  as  end-organs.  In  motor  neurons  they  take 
the  form  of  end-plates  closely  applied  to  the  muscle-cells,  and 
offer  the  medium  of  communicaticm  of  impulse,  resulting  in  a 
ehan^e  of  form  of  the  muscle  cells.  (See  Fig.  38,  p.  69.)  In 
sensory  neurons  they  vary  according  to  the  kind  of  sensation 
served  (see  chapter  on  spwial  senses). 

^In  this  coniKH'tion  the  question  naturally  arises,  what  deter- 
mines the  quality  of  impulse  tniversing  a  given  neuron?  Is  it 
(lei)en(lent  on  the  eell-b<Kly,  the  dendrites,  the  neuraxon,  or  the 
end-organs,  either  separately  or  collectively  ?    Different  forms  of 
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stimuli  applied  to  any  part  of  a  nerve-trunk  or  its  center  pro- 
duce but  one  result,  and  that  result  depends  apparently  on  the 
end-organ.  If  it  be  a  motor  nerve,  motion  in  the  respective 
muscle  results.  If  it  be  a  sensory  nerve,  the  sensation  usually 
excited  by  the  nerve  is  experienced.  Apparently,  therefore,  the 
nature  of  the  impulse  need  not  vary  at  all,  wherever  the  neuron 
may  be  located  or  whatever  may  be  the  resultant  sensation  or 
manifestation,  but  at  the  terminus  of  the  conducting  path  the  im- 
pulse produces  a  result  of  a  character  dependent  on  the  end-organ 
or  end-connections. 

Experiments  have  proved  that  an  isolated  nerve  conducts 
equally  well  in  one  direction  as  in  the  other,  and  while  the  me- 
chanical, chemical  and  electric  stimuli,  used  in  the  experiments, 
may  be  neither  identical  with  nor  even  similar  to  the  natural  ex- 
citants of  nervous  impulses,  it  is  perhaps  less  important  to  know 
the  nature  of  the  impulse  received  by  a  neuron  than  it  is  to  define 
its  power  of  transmitting  it  further.  For  example,  in  a  nerve- 
muscle  preparation  stimuli  of  various  kinds  when  applied  to  the 
nerve  produce  contraction  in  the  muscle.  Manifestly  here  the 
end-plates  are  of  prime  importance  as  constituting  the  connection 
between  nerve-fiber  and  muscle-fiber.  And  this  suggests  the  idea 
that,  for  the  efferent  neurons,  at  least,  the  end-plates  alone  deter- 
mine the  quality  of  the  nervous  impulse.  This  is  comparable 
with  the  various  recording  instruments  that  may  be  attached  to  an 
electric  wire.  The  agent  is  the  same,  but  the  effect  varies  with 
the  receiver  used.  In  the  peripheral  sensory  neurons,  however, 
there  seem  to  be  special  adaptations  for  the  reception  of  stimuli, 
mechanical,  chemicjil,  etc.  Thus  in  the  skin  mechanical  and 
thermal  stimuli  are  most  effective.  In  the  nasal  mucosa  and  the 
taste-buds  are  found  end-org{ins  adapteil  to  the  reception  of  chem- 
ical stimuli. 

Fn>m  these  considerations  it  appears  tliat,  while  nervous  im- 
pulses are  excited  differently  according  as  the  sensory  end-organs 
(including,  of  course,  those  placed  deep  in  the  tissues  as  well  iis 
the  superficial  ones)  are  adapted  to  receive  impressions,  and  while, 
further,  the  external ization  of  nervous  energy,  manifested  by  mo- 
tion, swretion,  nutrition,  etc.,  depends  largely  on  the  peripheral 
end-orgjuis,  the  character  of  nervous  impulses  never  varies  and 
may  he  identical  in  all  instances. 

(f)  Effect  of  Structural  Modification  on  the  Function  of  the 
Neuron. — Coni[)arative  anatomy  as  well  as  human  pathology 
shows  the  adaptation  of  the  conducting  paths  to  the  functional  re- 
quirements. In  those  vertebrates  which  have  either  rudimentiury 
or  undeveloped  anterior  or  posterior  extremities,  the  correspond- 
ing nerve-trunks  and  spinal  roots  are  diminutive.  After  amputa- 
tion of  a  limb  its  proper  nerves  with  their  extensions  into  the  wnl 
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undergo  a  degeneration  from  disuse  in  proportion  to  the  part 
lost. 

{g)  Effect  of  Mutilation  upon  the  Neuron. — The  cell-body  of 
the  neuron  sustains  an  important  relation  to  the  nutrition  of  the 
neuron  as  a  whole.  The  axon  and  dendrites  are  dependent  upon 
the  cell-body  for  their  trophic  supply.  When  a  peripheral  nerve- 
trunk  is  divided  the  distal  portion  dies  because  the  sensory  fibers 
are  cut  oflF  from  the  posterior  spinal  ganglia,  where  their  cell- 
bodies  are  situated  ;  and  the  motor  fibers  die  because  they  are  cut 
off  from  their  cell-bodies  in  the  ventral  horns  of  the  spinal  cord. 
This  form  of  degeneration  is  called  Wallerian,  after  the  law  of 
Waller,  who  first  discovered  it.  But  another  form  of  degenera- 
tion takes  place  in  the  part  still  attached  to  the  cell-body — a  slow 
degeneration  which  ascends  toward  the  cell-body.  This  is  called 
retrograde  degeneration. 

The  amputated  portion  of  an  axon  changes  profoundly  and  rap- 
idly. The  myelin  is  broken  up  and  absorbed,  the  process  itself 
disappears  more  or  less  completely,  and  finally  not  a  vestige  of 
nerve-structure  may  remain.  The  stump  of  axon  remaining  be- 
hind also  degenerates  slowly,  though  not  so  completely. 

(h)  Postnatal  Neuronic  Development. — Constituting  what 
may  be  designated  as  a  third  function,  although  it  is  merely  a 
pmperty  by  which  the  first  one,  enumerated  above,  is  more  exten- 
sively operative,  is  the  ability  on  the  part  of  certain  neurons, 
notably  those  of  the  cerebral  cortex,  to  develop  additional  den- 
drite's, to  form  new  relationships  with  cells  that  hitherto  were 
foreign.  On  this  hypothesis  rests  the  enormous  development  of 
the  ecrebnnu  of  an  individual  undergoing  education.  As  such 
development  depends  largely  upon  the  extensive  and  diverse  cor- 
relation of  existing  cells  and  centers,  it  will  readily  be  seen  how 
grwit  is  the  demand  for  new  dendrites.  Possibly  also  new  axons, 
if  not  entire  neurons,  are  required  and  furnished  in  a  manner  as 
yet  unknown. 

It  is  further  stated  that  newly  proliferated  dendrites  may  soon 
a^in  disapjx*ar,  after  the  particular  object  served  by  them  is  no 
longer  requirwl.  This  may  l)e  a  species  of  atrophy  from  disuse, 
but  it  is  sometimes  likened  to  amoeboid  movement,  the  cell-proto- 
plasni  being  protruded  and  withdrawn  according  to  the  need. 

The  functions  of  the  single  neuron  indicate  those  of  systems  of 
nenn)ns,  which  may  be  considered  as  a  reinforcement  of  the  former. 
In  addition,  however,  by  reason  of  the  numerous  associations  ex- 
isting between  neunms  of  one  system,  and  those  of  other  systems, 
intricate  and  complex  actions,  expressions  of  ner\^ous  activity,  are 
possible.  In  studying  these  relationships  more  closely,  an  addi- 
tional power  of  some  neurons  over  others  is  found,  viz.:  the  power 
of  restraining,  or  inhibiting  their  action.    A  familiar  example  of 
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this  is  met  with  in  the  two  sets  of  neurons  making  up  the  motor 
chain  from  the  cerebral  center  to  the  muscle.  Of  these  two  sets 
of  neurons,  the  upper  (archineurons)  restrain  the  lower  (teleneu- 
rons)  in  their  function.  This  is  shown  by  the  phenomenon  of 
muscle-reflexes,  which  are  present  only  when  the  teleneurons  are 
functionally  intact.  In  health  these  reflexes  are  but  moderately 
active,  owing  to  the  inhibition  of  the  archineurons.  If  through 
disease  of  the  latter,  the  inhibition  is  withdrawn,  then  the  tele- 
neurons  are  freer  to  act,  and  increased  reflexes  are  noted. 

B.  THE  PHTSIOLOGT  OF  THE  SPINAL  OORD. 

Physiologically  the  spinal  cord  must  be  considered  as  extend- 
ing beyond  its  upper  anatomical  limits.  Indeed,  a  better  term 
were  "  cerebro-spinal  cord,"  to  indicate  that  the  cerebral  stem  is 
merely  a  continuation  of  the  spinal.  Usage,  however,  sanctions 
the  term  spinal  cord,  and  it  will  be  employed  here  in  its  extended 
sense. 

1.  THE  SPINAL  CORD  AS  A  CONDUCTOR  OF  NERVOUS  IM- 
PULSES. 

In  its  function  of  conducting  nervom  impulses  the  spinal  cord 
differs  from  a  peripheral  nerve  only  in  its  complexity.  Essen- 
tially its  fibers,  while  forming  large  tracts,  are  similar  to  those  of 
the  peripheral  nerves  in  function.  But  we  find  here,  in  addition, 
collections  and  chains  of  cell-bodies,  toward  and  from  which  the 
fibers  conduct  impulses.  We  have  already  seen  that  the  cell-body 
of  a  neuron  is  a  trophic  center  for  its  branches,  and  serves  to  re- 
ceive, and  possibly  modify,  impulses  coming  to  it,  and  to  dis- 
charge them  through  the  axon.  Each  of  the  cell-bodies  found  in 
the  spinal  cord  in  such  numbers  re])resents  a  neuron,  just  as  each 
one  in  the  [M)steri()r  spinal  giuiglia  does,  and  as,  indeeil,  every  cell- 
body  in  the  nervous  system.  And  while  they  may  be  regarded  as 
centers,  they  are  in  one  sense  only  mid-stations  in  the  course  of 
an  impulse  through  a  neuron. 

With  these  considerations  always  before  us,  let  us  endeavor  to 
learn  moi'e  of  the?  conductive  functions  of  the  cord.  And  first  of 
all  comes  the  fact  that  all  impressions  received  from  the  outside 
world  as  well  as  those  coming  from  the  structures  of  the  body  it- 
self, and  all  impulses  resulting  in  motion,  secretion  or  other  mani- 
festation of  nervous  energy,  must  pass  through  the  cerebro-spinal 
cord.  These  may  be  summed  up  as  afferent  impressions  and  effe- 
rent  //;y)/^/.y<'.v.  And  the  center,  toward  which  the  one  class  goes 
and  from  which  the  other  (lei)arts,  the  mental  organ,  made  up  also 
of  neurons,  is  for  the  individual  the  center  of  the  universe,  where 
are  received  his  impressions  of  everything  external  to  his  body  as 
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well  as  of  the  changing  conditions  of  the  body  itself^  and  from 
which  emanate  all  his  voluntary  and  involuntary  acts. 

a.  The  Oourse  of  Sensory  Impulses. 

Among  the'^erent  impressions  must  be  placed  all  such  as  ar- 
rive through  our  senses,  general  and  special ;  in  addition,  subcon- 
scious information  of  the  changing  conditions  of  insensible  por- 
tions of  the  body. 

In  tracing  the  paths  taken  by  these  impressions  through  the 
cord,  ontogeny  and  morbid  anatomy  have  greatly  furthered  our 
knowledge.  By  means  of  a  series  of  examinations  of  the  nervous 
system  corresponding  in  time  to  newly  developing  nervous  phe- 
nomena we  learn  that  new  tracts  of  nerve-fibers  develop  from  time 
to  time.  And  evidences  of  degeneration  of  these  various  tracts, 
furnished  by  morbid  anatomy,  together  with  the  losses  or  distur- 
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bailees  of  function  previously  noted  clinically  have  aidtnl  us  in 
(establishing  clearly  the  courses  followed  by  such  impulses. 

In  this  manner  it  has  been  demonstrated  that,  in  general,  affe- 
rent impulses  enter  the  ixm\  through  the  jK>sterior  roots  and  as- 
eeiid  through  its  posterior  and  lateral  tracts,  while  efferent  im- 
pulses on  the  other  hand  descend  through  the  anterior  and  lateral 
tracts  of  the  cord.    (See  Figs.  (iO  and  01,  pp.  J>7  and  98.) 

Tiider  the  head  of  sensations, — impressions  rewived  through 
the  senses, — we  distinguish  common  and  MjK'ria!  seimdiomt.  The 
former  include  tactile,  pain,  thermal  and  muscular  sensations ; 
the  latter,  visual,  olfactory,  auditory  and  gustatory  si^nsations. 

Tactile,  pain,  thermal  and  muscular  impressions  arrive  at  tlu* 
35 
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cord  through  the  .-ien.-^ory  teleneoroas  contained  in  the  posterior 
?«pinal  root*  and  their  analogues  in  the  cranial  nerves?,  the  varioo^i 
fiber?*  f^>mhined  in  the  ner\'e-root-.    Not  until  after  their  entrance 

into  the  cord  are  they 
Yir.,  separated  from  each  oth- 

er and  follow  different 
tracts.  These  tracts  are 
not  all  definitely  known. 
The  fibers  subserving 
muscular  sense  enter  the 
postero-lateral  columns 
directly  and  ascend  in 
them,  being  pushed  in- 
ward by  newly  arrived 
fibers  until  they  come  to 
occupy  the  jwstero-me- 
dian  column.  Ascending 
to  the  medulla  oblongata 
they  enter  into  an  ar- 
borization with  dendrites 
from  the  cell-lxxlies  of  the  nuclei  graciles  and  cuneati,  whose  axons, 
in  turn,  lead  into  the  cerebellum. 


Fifi.  285. 


.STti<»n>  (»r  liiimaii  spinal  roid.    Fi^.         the  lower  cervical  region. 
V\ii.        th(!  nii«l-<l(»rsal  region. 

l-  i^.  \  \iv  niid-lninhar  regions.  mIiou  in^  the  principal  groups  of  nerve-cells,  and  on  the  riffht 
»l(lc  ol"  c:i<  h  xrction  tin-  conducting  tracts  a**  they  occur  in  the  several  regions.  (Magnified 
alHiut  seven  <lianiet<  rs.  i 

t>,  ' ,  irroup^  of  cells  of  the  anterior  Imrn  :  ceIN  of  the  lat4'ral  horn  ;  r,  middle  group  of 
<!ellM  ;  f,  cells  of  (  larke's  citlunin  ;  7,  cells  of  posterior  horn  ;  r,  r,  central  canal  ;  ff.c,  anterior 
coniniUsure.     (S<  iiakkkk.  ) 


THE  VOURSE  OF  MOTOR  IMPULSES. 


547 


The  fibers  which  conduct  pain  and  thermal  sensations  are  prob- 
ably closely  associated  with  each  other.  From  the  prominent 
part  played  by  the  loss  or  perversion  of  these  two  forms  of 
sensation  early  in  the  history  of  cases  of  syringo-myelia,  in 
which  the  spinal  gray  matter  is  usually  first  aflFected,  we  arc 
justified  in  concluding  that  the  fibers  conducting  these  impres- 
sions, soon  after  entering  the  cord,  pass  into  the  gray  matter  and 
tliese  arborize  with  secondary  neurons.  Alwut  the  latter  much 
uncertainty  prevails.  By  some  their  axons  after  crossing  over 
in  the  commissure  are  thought  to  extend  upward  in  the  an- 
tero-lateral  ascending  (Gower's)  tract.  (See  Figs.  283-285). 
By  others  they  are  conceived  as  forming  the  first  in  a  series  of 
short  loops  lying  in  the  lateral  marginal  zone  and  dipping  at 
short  intervals  into  the  gray  matter  to  arborize  there  with  the 
next  higher  neuron  of  the  series,  and  so  on  up  to  the  medulla. 

The  difficulties  encountered  in  determining  the  course  of  pain 
and  thermal  impressions  after  they  quit  the  teleneurons  are  almost 
if  not  quite  insurmountable.  Even  in  the  peripheral  nerves  a 
lesion  causing  more  or  less  permanent  motor  loss  often  produces 
only  passing  sensor\'  disturbances.  In  the  higher  links  of  the 
chain  it  is  possible  that  lesions  may  be  compensated  for  by  more 
numerous  inter-communications,  rendering  it  more  difficult  by  a 
single  lesion  entirely  to  interrupt  the  path.  Experiments  on 
lower  animals  have  not  advanced  our  knowledge  materially  in 
this  matter,  owing  to  uncertain  interpretation  of  sensations  expe- 
rienced by  them. 

In  tracing  the  path  of  tactile  impressions  through  the  cord  sim- 
ilar difficulties  are  encountered.  They  are  believed  to  follow 
the  course  of  muscular  sensation,  at  least  in  part,  crossing  over 
in  the  posterior  commissure  to  ascend  in  the  ventral  portion  of 
the  posterior  columns.  Some  tactile  fibers,  however,  decussate 
and  ascend  in  tlu*  antiTo-lateral  ground-bundle  along  with  the 
pain  fibers. 

All  of  these  fibers  conducting  sensory-  imprc»ssions  coming  into 
consciousness  pass  up  through  the  lenniiscus,  or  fillet,  of  the  me- 
<lulla,  |K»ns,  mid-bniin,  and  cross  to  the  internal  capsule,  where 
they  arc  situated  posteriorly,  and  radiate  to  the  Rolandic  areas,  oc- 
cupying ix)rtions  of  these  arejis  corres]  ion  ding  to  the  motor  fields. 

The  Oourse  of  Motor  Impulses. 

Motor  impulses  arising  in  contiguous  cells  in  the  same  areas, 
descend  through  the  pyramidal  tract  by  the  neuraxons  of  these 
cells.  They  extend  through  the  internal  capsule,  the  crusta,  pons, 
and  medulla,  lying  ventral  to  the  fibers  we  have  just  been  con- 
sidering.   In  the  lower  part  of  the  medulla  the  larger  part  of 
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these  pyramidal  fibers  decussates  and  descends  in  the  opiK)site 
lateral  column,  while  a  smaller  number  descends  in  the  anterior 
column  of  the  same  side.  The  latter,  just  before  entering  into 
communication  with  their  secondary  neurons,  pass  over  through 
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hiaKrain  sljowiiij;  tlic  pnibabU*  relations  of  some  of  tho  principal  colls  of  tlnMH'robro-ttpinal 
systcnj  to  one  another.  I.  a  cell  of  the  cort4'X  »-erehri :  '1.  its  axi^inrylinder  or  nerve  pr««;c>»s  nass- 
irij;  down  in  tlie  oy ranii'lnl  tract,  and  >;i\inK  ofl"  colluteraN.  some  of  which.  \\,  '.\.  end  in  arlM>ri- 
/utions  ar<innd  ceiN  of  the  anterior  horn  of  tliu  >pinal  cord,  the  main  filK-r  havini;  a  similar  end- 
ing at  4  ;  cull.,  a  collateral  pa.<<sin^  to  the  corpns  callosum  ;  .sir,  another  pa^sin^;  to  the  (>ori>ii.s 
.»triatnm  :  .'),  axis-cylinder  nroccss  of  anterior  cornu-oell  passing  to  form  a  terminal  arhori/.ation 
in  the  end-plate  of  a  muscle-fihrr.  //»  ;  a  cell  of  one  of  the  spinal  ganglia.  Its  axis-i-ylinder 
proi  c'S"*  l»ifiMi  ate"«.  and  one  branch.  7.  passes  to  tlie  |)eriphery  to  end  in  an  arhori/ation  in  tin* 
H»'n«>ory  viirface,  s.  The  other  (eentral )  branch  bifurcates  after  entering  the  cord  i  at  SK  and  it» 
<iivi>.i«»ns  pa"«>  upward^  and  tlowrjw ards  ( the  latter  for  a  short  distan<'c  »tnlyi;  ".»,  ending  of  tho 
d»  «.cen»ling  branch  ir)  a  ternnnal  arl»ori/ation  around  a  cell  of  the  posterior  horn,  the  axis-cyl- 
iiidt-r  proces.N  oi  which,  again,  ends  in  a  similar  arlntrization  around  a  cell  of  tin-  anterior  horn 
in.  a  collateral  passing  fn)m  thi'  ascending  divisinn  directly  to  envelop  a  cell  of  the  anterior 
h«irn  :  11,  <»ne  pa><sing  to  envelop  a  cell  of  ("larke's  column  :  \2,  a  collateral  having  connections 
like  those  of  •» ;  <'ndini:  «>f  the  ascending  di\ixion  of  the  |M>sterior  root-iiln'r  around  »»ne  of 
the  c«  lN  uf  the  post»'rior  columns  «d'  the  bulb  or  m<>dulla  oblonuata  ;  11.14.  a\iv-<'y linder  proc- 
evM'>  of  c«'lls  of  the  jHisterior  ln>rn  )>a>i>ing  ti»  form  an  arbori/atiorj  around  the  motor  ccdls  ; 
1").  a  librr  of  the  asr<'n<ling  cerebellar  tract  {tav>ing  up  to  form  an  arbori/alion  around  a  wll  of 
llu'  rerrbellum  :  1<'».  ax i>-<:ylintler  j^roci'ss  <il  this  cell  pa-^sing  (h»w  n  the  bulb  and  curd,  and  giv- 
ing off  coll;>t»'raN  to  envel«»i»  the  celN  «if  the  anterior  horn  :  17.  ax i>-<  y linder  procc»  of  «»no  of 
the  cells  of  the  jiosti  rior  coltimn  of  the  bulb  passing  as  a  librr  of  the  lilli  t  to  the  cerebrum,  ami 
forming  a  terminal  arlH)ri/ation  an»und  one  of  the  smaller  cerebral  celU  :  is,  axisi yliuder 
process  uf  tliis  cell,  fiuiaing  an  ai Ijorizatiou  around  the  p\  ranud-i-ell,  1.    i.S  h.vfh  k.)  " 
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the  anterior  commissure  of  the  spinal  cord,  and  in  the  opposite 
anterior  horn  arborize  with  dendritic  fibers  from  cells  in  that 
horn.  To  other  cells  in  this  location  come  the  fibers  of  the 
crossed  pyramidal  tract  and  form  with  them  similar  arborizations 
(see  Fi^.  286).  The  lower  neurons  send  out  their  axons  as  motor 
fibers  of  the  anterior  roots  and  j)eripheral  nerves  to  the  muscles, 
where  they  end  in  the  familiar  "  plates  "  in  contact  with  the  mus- 
cle-fibers. It  is  scarcely  necessary  here  to  call  to  mind  the  fact 
that  two  neurons  constitute  the  motor  chain  from  the  cerebral  cor- 
text  to  any  muscle  remote  or  near,  while  the  sensorj^  impressions 
arrive  at  the  sensorium  only  after  several  additional  interruptions. 
The  thalamus  opticus,  and  nucleus  caudatus  contain  cell-stations 
for  some  of  these  fibers,  and  the  anterior  corpora  quadrigemina  and 
the  external  corpora  geniculata,  for  fibers  of  the  optic  tracts. 

It  is  important  to  remember  that  sensorj'  impressions,  entering 
into  consciousness  (perception),  must  do  90  by  way  of  this  devious 
and  complex  path,  and  motor  impulses,  resulting  from  their  per- 
ception, must  descend  by  the  two-link  chain  described.  Thus  a 
circuit  is  formed,  w^iereby  conscious  sensation  results  in  voluntary 
muscular  contraction. 

2.    THE  SPINAL  CORD  AS  A  REFLEX  CENTER. 

By  virtue  of  its  conductive  function,  which  is  only  slightly 
differentiated  from  that  of  peripheral  nerves,  the  spinal  cord  pos- 
sesses another  function,  distinctive  in  itself  A  sensory  impres- 
sion entering  the  cord  by  the  teleneurons,  which  we  have  been 
studying,  instead  of  ascending  to  the  (»erebral  cortex  and  becom- 
ing an  element  of  consciousness,  may  be  conducted  by  collaterals 
of  the  sensory  teleneuronic  axons  direct  to  the  motor  teleneurons 
arising  in  the  anterior  horns  of  the  cord.  This  is  a  short  circuit 
and  forms  the  path  taken  by  those  subconscious  sensations  which 
arouse  involuntary  muscular  contraction,  giving  us  the  phenomenon 
called  reflex  ncflon.  In  some  conditions  of  discjise  and  in  certain 
forms  of  intoxication,  every  voluntary  muscle  of  the  body  can  be 
made  to  contrnct  reflexly,  in  healtli  comparatively  few  respond, 
while  in  other  diseased  conditions  reflex  action  is  diminished  or 
entirely  lost. 

a.  Reflex  Action. 

1.  General  Oonsiderations. — Before  considering  the  more  im- 
portant reflex(»s  of  the  body,  let  us  endeavor  to  account  for  the 
tiict  of  increased  reflex  action  in  one  disease  and  loss  of  reflex  ac- 
tion in  another.  Recall,  first,  that  true  reflex  action  is  involun- 
tary motion  resulting  from  unperceived  sensation.  Now  let  us 
suppose  the  s<*nsation  to  be  perceived ;  that  is  to  say,  it  ascends  to 
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thft  cerebral  cortex.  Two  things  may  result  :  either  a  voluntary 
action  HUpcrwKiing  the  reflex,  or  a  voluntarj-  inhibition.  If  the 
latter  takr»  place,  an  impulse  descending  the  motor  archiueurons 
intcrfcTes  with  the  reflex  activity  of  the  teleneurons,  and  no  reflex 
(Krcurs.  From  this  it  is  clear  that  the  only  restraint  exercised  over 
reflex  activity  is  exerted  through  the  motor  archineuron.  Sup- 
\nmt  this  to  Ik*  interrupttfd  by  a  lesion  anywhere  in  its  path.  The 
inhibition  is  withdrawn,  the  lower  neuron  is  unhindered,  and 
heightened  reflex  action  is  observed. 

The  mere  presence  of  reflex  action  is  indicative  of  the  fact  that 
the  mot^>r  and  sensc^ry  ti*leneurons  with  their  collateral  branches 
of  communication  are  intact.  Loss  of  reflexes  implies  an  interrup- 
tion to  this  circuit,  called  the  reflex  arc.  And  as  the  arc  is  com- 
{K)8(h1  of  a  sensor\'  neuron  and  a  motor  neuron,  the  lesion  may  be 
located  in  either  one  or  the  other.  If  there  Ikj  a  lesion  of  the 
mot^)r  arm  of  the  reflex  arc,  not  only  is  reflex  action  lost  but  also 
voluntary  action,  and  complete  paralysis  is  present  in  the  part. 
If  r(»flex  action  alone  is  lost,  while  voluntary  action  is  possible, 
the  lesion  must  be  in  the  sensorj'  arm  of  the  reflex  arc.  In  the 
latter  case  other  sensory  disturbances  are  to  be  looked  for. 

Keflex  action  constitutes  in  its  varied  forms  a  most  important 
part  of  the  life  of  every  animal.  In  the  lowest  organisms  it  is  of 
paramount  value,  the  relations  existing  between  stimuli  received 
from  the  environment  and  the  reactions  thereto  on  the  part  of  the 
animal  making  up  the  sum  of  its  existence.  Ascending  the  scale 
of  development,  reflex  actions  multiply  in  number  and  diversity, 
and  there  is  gradually  evolved  an  additional  higher  form  of  nerve- 
eeiiter  than  that  concerned  in  reflex  action,  one  which  provides  for 
the  storing  up  of  impressions,  for  comparisons  between  them,  and 
for  all  the  ]>lienomena  of  psychic  activity. 

Hilt  in  the  pn'seiiee  of*  this  more  recently  develoi^ed,  higher 
nerv(»-center,  the  siil)si(liarv  centers  of  reflex  action  have  not  be- 
come less  important  for  the  life  of  the  individual,  even  if  some- 
what overshadowed.  In  hiinian  physiology,  the  subject  here  con- 
si(l(M*ed,  we  find  r(»H(»x  action  forming  the  basis  of  the  vegetative 
luiietions,  so-called,  and  so  well  developed,  indeed,  that  in  the  ab- 
sence or  loss  ol'  the  higher  psychic  centers,  life  still  is  continued 
l)y  reason  of  the  activity  of  the  reflex  ccntei-s  in  the  medulla 
>pi nails  and  ohloiijrata.  Tiider  the  chapters  on  respiration  and 
eirenlation  (7.  r.)  it  will  be  found  that  these  vital  functions  de- 
|)e!ul  on  the  condition  of  aeration  of  the  blood.  That  provides  the 
stinuiliis  to  (h(»  ix'spiratory  and  circulatory  centers  in  the  bulb, 
and  l)y  reflex  action  ivsultiuir  iu  the  neeessarv  contraction  and  re- 
laxation of  th(»  nuiseles  of  the  chest-walls  and  the  heart,  these 
plienoinena  reeiir  in  a  continuous  succession  of  cycles,  and  so  lile 
i>  j>i'oIonp»d. 
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2.  Purposeftd  Oharacter  of  Reflex  Action. — In  observing 
results  of  experiments  on  animals  the  purposeful  character  of  the 
reflexes  is  striking.  In  all  reflex  movements,  whether  of  a  simple 
or  complex  nature,  the  response  is  in  proportion  to  the  strength 
and  nature  of  the  stimulus,  that  is,  the  afferent  impulse.  Reflex 
movements  may  be  divided  into  the  three  following  groups :  (a) 
Simple  or  partial  reflexes.  (6)  Extensive  incoordinate  reflexes 
or  reflex  spasms,    (c)  Extensive  coordinated  reflexes. 

{a)  The  Simple  or  Partial  Reflexes  are  characterized  by 
the  fact  that  stimulation  of  a  sensory  area  discharges  movements 
in  one  muscle  only,  or  at  least  in  one  limited  group  of  muscles, 
e,  g,y  contact  with  the  conjunctiva  causes  closure  of  the  eyelids. 

(6)  The  Extensive  Incoordinate  Reflexes  or  Reflex 
Spasms  :  These  movements  occur  in  the  form  of  clonic  or  tetanic 
contraction  in  individual  muscles,  or  all  of  the  muscles  of  the  body 
may  be  implicated. 

C<im€i<, — A  reflex  spasm  depends  upon  a  double  cause  :  (a)  The 
gray  matter  of  the  spinal  cord  may  be  in  a  condition  of  exalted 
excitability  so  that  the  ner\'ous  impulse  after  having  reached  the 
center,  is  easily  transferred  to  the  neighboring  centers.  This  ex- 
cessive excitability  is  produced  by  certain  poisons,  more  especially 
by  strychnin,  brucin,  caffein,  atropin,  nicotin,  carbolic  acid,  tet- 
anin.  The  slightest  touch  applied  to  an  animal  poisoned  with 
strychnin  is  sufficient  to  throw  the  animal  at  once  into  spasms. 
Pathological  conditions  may  cause  similar  results,  as  in  hydrophobia 
and  tetanus.  On  the  other  liand,  the  central  organ  may  be  in 
such  a  condition  that  extensive  reflexes  cannot  take  place ;  thus 
in  the  condition  of  apnoea  the  spasms  that  occur  in  poisoning  with 
strychnin  do  not  take  place. 

Extensive  reflex  movements  may  also  take  place  when  the 
discharging  stimulus  is  very  strong.  For  example,  this  condition 
occurs  in  man  when  in  great  pain  ;  thus,  intensive  neuralgia  may  be 
accompanied  by  extensive  spasmodic  movement — Tic  douloureux. 

Strychnin  is  the  most  powerful  reflex-producing  poison  known. 
When  a  large  dose  is  given  to  an  adult  the  lower  jaw  becomes 
immovable,  the  neck  rigid,  the  pupils  dilate,  the  reflexes  are 
heightened  so  that  the  muscles  contract  spasmodically  and  pain- 
fully, resulting  in  paroxysmal  attacks  of  tonic  contraction  of  the 
extensor  muscles  of  the  body,  in  which  the  patient  assumes  the 
position  of  opisthotonos.  If  the  heart  of  a  frog  be  ligatured  and 
the  jX)is()n  afterwards  applied  directly  to  the  spinal  cord,  reflex 
spasms  are  produced,  proving  that  str\'chnin  acts  upon  the  spinal 
cord.  We  can  |)rove  that  strychnin  does  not  produce  spasm  by 
acting  on  the  brain,  muscle  or  ner\'e.  Destn)y  the  nerve  high  up 
and  inject  a  small  dose  of  strychnin  into  the  dorsal  lymph-sac  ;  in 
a  few  niiiuites  all  the  muscles  of  the  body,  except  those  supplied 
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by  the  divided  nerve  will  be  in  spasms,  showing  that  although 
the  poisoned  blood  has  circulated  in  the  nerves  and  muscles  of 
the  legs,  it  does  not  act  on  them.  Destroy  the  spinal  cord  and 
the  spasms  cease  at  once. 

Summation  of  Stimuli:  By  this  term  is  meant  that  a  single 
weak  stimulus,  which  in  itself  is  incapable  of  discharging  a  reflex 
act,  may  if  repeated  sufficiently  often  produce  this  act.  The  sin- 
gle impulses  are  conducted  to  the  spinal  cord  in  which  the  process 
of  summation  takes  place.  It  is  believed  by  some  to  be  extremely 
probable  that  all  reflex  acts  are  due  to  the  repetition  of  impulses 
in  the  nerve  centers, — summation  of  stimuli. 

(e)  Extensive  Coordinated  Reflexes  are  due  to  stimula- 
tion of  a  sensory  nerve  causing  the  discharge  of  complicated  reflex 
movements,  in  whole  groups  of  different  muscles,  the  movements 
being  powerful  in  character.  Example :  the  protective  move- 
ments of  pithed  or  decapitated  frogs.  If  a  drop  of  a  dilute  acid 
be  applied  to  the  skin  of  such  a  frog,  it  strives  to  get  rid  of  the 
offending  body  and  it  generally  succeeds.  Thus  when  a  drop 
of  acid  is  placed  on  the  right  flank  of  a  brainless  frog,  the  right 
foot  is  almost  invariably  used  to  rub  off*  the  acid.  If  the  right 
foot  be  cut  off*  or  otherwise  hindered  from  rubbing  off*  the  acid  the 
left  foot  is,  under  exceptional  circumstances,  used  for  this  purpose. 
This  at  first  sight  appears  like  an  intelligent  choice ;  indeed  so 
purposeful  are  these  acts  and  the  actions  of  groups  of  muscles  so 
adjusted  to  perform  a  ptrticular  act  that  Pfliiger  regarded  them  as 
direct^Ki  by  and  due  to  consciousness  of  the  s]>inal  cord.  If  many 
instances  occurrwl  where  evidences  of  a  variable  automatism  which 
we  call  volition,  were  manifested  by  the  cord,  we  should  be  led 
to  believe  that  the  choice  was  determined  by  an  intelligence. 
But  as  has  been  abundantly  observ(Kl,  a  frog  in  which  the  brain 
has  been  removed  having  only  the  spinal  cord,  makes  no  .s})onta- 
neous  movement. 

Vicarious  reflex  movements  are  observed  in  mammals,  though 
not  to  such  an  extent  as  in  frogs.  In  dogs  in  which  partial 
removal  of  the  cerebral  hemispheres  has  apparently  heightened  the 
reflex  excitability  of  the  spinal  cord,  the  remarkal)le  scratching 
movements  of  the  hind  leg  which  are  called  forth  by  stimulating 
a  piirticular  spot  on  the  loins  or  the  side  of  the  body  are  exerted 
by  the  leg  of  the  opjwsite  side  if  the  leg  of  the  same  side  be 
gently  held.  Jn  this  case  the  vicarious  movements  are  ineffectual, 
the  leg  not  being,  as  in  the  case  of  the  frog,  crossed  over  so  as  to 
bear  on  the  spot  stimulated  and  this  therefore  cannot  be  considered 
as  an  act  of  intelligence.  The  mechanical  nature  of  reflex  action 
can  be  fnrtli<»r  illustrated.  If  aflame  be  applied  to  the  side  or  part 
of  the  I)o<ly  of  an  eel,  the  body  is  moved  away  from  the  flame.  If 
the  bodyof  a  decapitated  snake  is  brought  into  contact  at  several 
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places  ^vith  an  arm  or  stick,  complex  reflex  movements  are  excited, 
the  effect  of  which  is  to  twine  the  body  around  the  object.  A  de- 
capitated snake  will  with  fatal  readiness  twine  itself  around  a  red- 
hot  iron. 

In  the  reflex  acts  which  have  been  under  consideration  we  have 
observed  that  the  resultant  movements  are  coordinated,  and  not  only 
are  many  distinct  muscles  brought  into  play  but  certain  definite 
relations  between  the  contraction  of  each  muscle  and  the  con- 
traction of  other  muscles  sharing  in  the  movements  are  maintained. 
In  the  absence  of  coordination  the  movements  would  l)ecome  ir- 
regular and  ineffectual.  There  is  reason  to  believe  that  this 
coordination  of  voluntary  muscular  movement  takes  place  in  the 
part  of  the  spinal  cord  which  carries  out  the  movement  and  not  in 
the  brain,  though  under  normal  conditions  the  latter  may  be  con- 
scious of  the  whole  movement,  including  its  coordination.  As 
may  be  inferred  from  what  has  already  l)een  said,  the  characters 
of  a  reflex  movement  are  dependent  on  the  intrinsic  condition  of 
the  cord.  The  action  of  strj^chnin,  already  alluded  to,  is  an  in- 
stance of  an  augmentation  of  reflex  action.  Conversely  by  various 
influences  of  a  depressing  character,  as  by  various  aneesthetics  or 
other  poisons,  reflex  action  may  be. lessened  or  prevented.  So  also 
various  diseases  may  so  affwt  the  spinal  cord  as  to  produce 
either  increase<l  reflex  excitability  so  that  a  mere  touch  may 
pnxluce  a  violent  movement,  or  diminished  reflex  excitability  so 
that  it  becomes  difficult  or  impossible  to  call  forth  a  reflex  action. 

Coonlinated  reflexes  may  occur  in  man  during  sleep  and  during 
pathological  conditions.  Keflexes  are  more  easily  and  more  com- 
pletely dischargc<l  when  the  specific  end-orgjin  of  the  afferent 
nerve  is  stimulated  than  when  the  trunk  of  the  nerve  is  stimu- 
hited  in  its  course ;  by  gently  tickling  the  skin  a  reflex  act  is  more 
rea<lily  evoked  than  by  a  strong  stimulus  applied  to  sensor\'  nerve. 

The  Time  Required  for  Reflex  Actions. — In  the  frog,  de- 
ducting the  time  taken  in  the  transmission  of  impulses  along 
nerves,  the  time  consumed  in  the  cord  (reflex  time)  varies  from 
O.OOH  to  0.01'*)  second  ;  if  the  reflex  crosses  to  the  other  side  it  is 
one-third  longer.  It  is  lessened  by  heat,  and  by  the  influence  of 
a  strong  stinuihis. 

4.  Inhibition  of  the  Reflexes. — Within  the  Ixxly  there  are 
mechanisms  which  can  suppress  or  inhibit  the  <lischarge  of  the 
reflexes,  and  they  may  therefore  l)e  termed  mechanisms  inhibiting 
the  reflexes. 

(d)  YoLrxTARY  Inhihitiox. — The  observations  of  every-day 
life  teach  that  reflex  acts  can  l)e  inhibited  to  a  certain  extent  by 
action  of  the  will.  The  eyelids  may  be  kept  open  when  the  eye- 
l)all  is  touched  ;  movement  of  a  part  maybe  arrested  when  the  skin 
is  tickled.  If,  however,  the  stimulus  be  strong  and  is  rej)eated  with 
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sufficient  frequency,  the  reflex  impulse  ultimately  overcomes  the 
voluntary  effort.  Inhibitory  acts  are  not  all  similar  in  character ; 
for  example,  when  we  voluntarily  stop  the  muscular  acts  which  re- 
sult from  tickling  the  sole  of  the  foot,  we  achieve  this  by  throw- 
ing into  action  an  opposing  group  of  muscles,  but  it  is  doubtful 
whether  inhibition  is  to  be  wholly  explained  as  a  matter  of  mus- 
cular antagonism.  When  the  brain  of  a  frog  is  removed  and  the 
effects  of  a  shock  have  passed  off*  the  reflex  excitability  of  the 
animal  is  found  to  be  increased.  This  suggests  the  idea  that  in 
the  intact  nervous  system  the  brain  is  exerting  some  inhibitory 
influence  on  reflex  actions.  If  a  frog  from  which  the  cerebral 
hemispheres  have  been  removed  (the  optic  lobes,  bulb,  and  spinal 
cord  being  left  intact)  be  tested  by  applying  a  drop  of  acid  on  its 
skin,  it  will  be  found  that  the  reflex  excitability  is  increased.  If, 
however,  the  optic  lobes  be  stimulated  by  applying  a  crystal  of 
salt  the  reflex  acts  are  prolonged  or  suppressed.  Similar  results 
may  be  obtained  by  stimulating  in  mammals  the  corpora  quadri- 
gemina,  which  bodies  are  analogous  to  the  optic  lobes  of  frogs. 

(6)  Beyond  Voluntary  Inhibition  are  those  reflex  move- 
ments which  cannot  at  any  time  be  performed  voluntarily.  Thus 
erection,  ejaculation,  parturition  and  the  movements  of  the  iris 
are  neither  direct  voluntary  acts,  nor  can  they,  when  they  are  ex- 
cited rcflexly,  be  suppressed  by  the  will.  It  will  be  recalled  that 
the  action  of  such  nervous  centers  as  the  vaso-motor  and  res- 
piratory may  be  either  inhibited  or  augmented  by  afferent  im- 
pulses. The  micturition  center  in  the  mammal  may  be  inhibited 
by  impulses  passing  downward  to  the  lumbar  cord  from  the  brain 
or  upward  along  the  sciatic  nerves.  In  the  case  of  dogs  whose 
spinal  cord  has  been  divided  in  the  thoracic  region,  micturition 
set  up  as  a  reflex  act  by  simple  pressure  on  the  abdomen,  is  at 
once  vStoppeil  by  sharply  pinching  the  skin  of  the  leg,  and  it  is  a 
matter  of  common  experience  that  in  man  micturition  may  be 
suddenly  checked  by  jin  emotion  or  other  cerebral  event. 

{(')  Vyroysrun  s  Ckkebhai.  Inhibition  is  a  prominent  fea- 
ture of  rcriex  action.  Strong  stimulation  of  a  sensory  nerve  in- 
hibits reflex  movements.  If  the  toes  of  one  foot  of  a  frog  are 
dipped  into  dilute  sulphuric  acid  at  a  time  when  the  sciatic  of  the 
other  le<r  is  bcin^  powerfully  stinudated  with  an  interrupted  cur- 
rent the  period  of  incubation  of  the  reflex  act  will  be  found  to  be 
much  prolon^cxl  and  in  some  cases  the  reflex  withdrawal  of  the 
foot  will  not  take  place  at  all  ;  and  this  holds  good  not  only  in  the 
conij)lete  absence  of  the  oj)tic  lobes  and  bulb,  but  also  when  a 
portion  of  the  spinal  cord,  sufficient  to  carry  out  the  reflex  action 
in  the  usual  wjiy,  is  left.  The  brain  docs,  it  is  aj)j)arent,  act  as  an 
inhibitory  or«ran,  but  we  must  not  draw  too  closely  upon  the  in- 
hibitory cardiac  mechanism  as  analogous.    In  the  mechanism  of 
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cardiac  inhibition  we  have  to  do  with  fibers  whose  exclusive  duty 
it  is  to  act  under  control  of  the  center  in  the  medulla^  as  the 
brake  mechanism  of  the  heart.  In  the  present  state  of  our 
knowledge  the  fact  must  suffice  that  experiments  on  animals  show 
that  the  brain  may  inhibit  particular  spinal  reflex  movements,  but 
also  habitually  exercises  a  restraining  influence  on  the  reflex  ac- 
tivity of  the  whole  cord,  though  we  are  unable  to  state  exactly 
how  the  inhibition  is  carried  out. 

/>.  The  Reflexes. 

From  the  inherent  forms  of  reflex  action  down  to  the  simplest 
muscular  contraction  following  unperceived  stimulation  the  human 
individual  presents  numerous  gradations.  By  their  functions, 
normal  or  deranged,  they  reveal  the  actual  conditions  of  the 
nerve-elements  composing  their  resj>ective  reflex-arcs.  Among 
them  are  differentiated  the  superficial  or  cutaneous  reflexes,  the 
deep  or  tendon-reflexes,  and  the  organic  or  visceral  reflexes. 

1.  Superficial  Reflexes. — {a)  Plantar;  elicited  by  stroking 
or  scratching  the  sole  of  the  foot,  which  causes  attempts  to  with- 
draw the  foot  from  the  source  of  irritation. 

(6)  Gli-teal  ;  a  contraction  of  the  gluteal  muscles  en  iiuishc 
when  the  buttock  is  gently  pricked  or  scratched. 

((•)  Cremasteric  ;  when  the  thigh  is  irritated  on  its  inner  sur- 
face by  grasping,  stroking,  scratching,  etc.,  the  homolateral  testicle 
is  distinctly  retracted. 

{(1)  Erectile  Reflex  of  Penis  ;  produced  by  gentle  friction 
of  the  glans  penis,  especially  of  the  frienum,  resulting  in  turgidity 
of  the  organ  and  erection.  Its  analogue  in  the  female  pertains  to 
the  erection  of  the  clitoris. 

{(')  AiiDOMLNAL;  consisting  of  a  retraction  of  the  anterior  ab- 
dominal walls  when  the  skin  is  slightly  irritated. 

[f)  Mammary  ;  in  women,  a  retniction  of  the  epigastrium 
when  the  nianmuiry  n'gion  is  tickled. 

{fj)  Palmar  ;  corresj)ondiiig  to  the  plantar,  usually  less  devel- 
<)l)ed  than  the  latter. 

(A)  Lahvn(;eal;  irritation  of  the  lining  of  the  larynx,  as  also 
of  the  bronchi,  produces  coughing. 

{j)  PiiAi{VN(iEAL  ;  attempts  to  extrude  contents  of  the  pharynx, 
even  to  the  |>oint  of  vomiting,  when  the  fauces  or  lining  of  the 
])harynx  is  stimulated. 

(k)  Nasal  ;  causing  sneezing  when  the  nasal  mucous  membrane 
is  irritated. 

(7)  ( V)N.n  N(TIVAL  ;  closure  of  the  eyelid  when  anything  foreign 
touches  the  conjunctiva  or  the  eyelashes. 

2.  Deep  Reflexes. — {a)  Ti  ndo-AehiUiH  Reflex.    When  the  ex- 
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tended  leg  is  supported  at  the  knee,  the  hand  pressing  firmly 
against  the  ball  of  the  foot,  a  tap  on  the  tendo-Achillis  causes  con- 
traction of  the  gastrocnemius  and  soleus,  and  the  heel  is  jerked 
up.    This  reflex  may  be  present  or  absent  in  health. 

(6)  Ankle  Clonus. — If  the  half-extended  leg  be  supported  at 
the  knee,  and  the  ball  of  the  foot  be  suddenly  pressed  up,  put- 
ting the  tendo-Achillis  on  a  stretch,  in  certain  instances  there  re- 
sults a  series  of  clonic  contractions  of  the  calf-muscles  with 
consequent  alternate  extension  and  flexion  of  the  foot,  which 
continues  as  long  as  the  pressure  is  maintained  on  the  ball  of  the 
foot  and  ceases  as  soon  as  the  foot  is  released  from  pressure.  It 
is  probably  never  present  in  health. 

(c)  Patellar  Keflex  (knee-jerk). — When  the  thigh  is  sup- 
ported by  the  liand  or  by  being  crossed  over  the  other  thigh,  and 
the  leg  is  flexed  at  the  knee,  thus  securing  relaxation  of  the  quadri- 
ceps extensor,  a  tap  on  the  tendon  just  below  the  patella  causes 
the  leg  to  be  suddenly  extended.  This  reflex  is  normally  present, 
but  its  exaggeration  and  its  loss  are  both  indicative  of  disease. 

In  conditions  of  exaggerated  knee-jerk,  if  the  hand  be  applied  above 
the  patella,  pressing  it  down  with  a  sudden  movement,  sometimes  a 
clonic  contraction  of  the  quadriceps  occurs  and  the  patella  is  alter- 
nately raised  and  lowered.    This  is  the  patellar  clonus, 

(d)  Triceps  Reflex  (elbow-jerk). — ^This  is  analogous  to  the 
knee-jerk  and  is  elicited  by  supporting  the  arm  in  the  hand,  on  the 
examiner's  knee,  or  by  leaning  on  a  table,  the  forearm  being 
somewhat  flexed,  and  then  tapping  the  triceps  tendon  just  above 
the  olecranon.  In  health  it  may  be  absent  or  present.  Its  ex- 
aggeration is  indicative  of  disease. 

{(')  With  the  arm  in  the  foregoing  position  tapping  the  supi- 
nator and  extensor  muscles  of  the  forearm  often  elicits  contrac- 
tion of  them,  with  corresponding  movements. 

(/)  BicKrs  Reflex. — If  the  flexed  forearm  be  supported  at 
the  elbow,  the  wrist  slightly  flexed  nnd  also  supj)orted,  tapping 
on  the  t<:Mi(l()n  of  the  l)ircps  sometimes  causes  contraction  of  that 
muscle. 

(7)  With  the  arm  in  the  p»>siti(>n  last  described,  ta]>ping  the 
pronator  and  extensor  muscles  of  the  forearm  causes  at  times  con- 
traction of  thoin  and  movements  of  the  forearm,  hand  and  fingers 
aeconlin^ly. 

(h)  IxFKiuon  Maxim. AKY  Reft^ex. — If  the  mouth  be  opened 
and  a  flat  instrument  resting  on  the  lower  teeth  be  tapped,  some- 
times the  jaws  shut  by  reflex  movement. 

3.  Organic  Reflexes. — lender  this  head  are  included  many  of 
the  functions  of  ditterent  organs  of  the  body  on  which  the  well- 
being  of  the  organism  as  a  whole  depends,  some  of  them  indeed 
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being  of  vital  importance.  I^ike  the  suj>erficial  and  deep  reflexes 
they  are  expressed  by  muscular  activity,  but  unlike  them  usually 
the  synergic  function  of  several  groups  of  muscles  is  required  for 
their  execution. 

r.  The  Alimentary  Tract, 

(a)  Sucking. — When  the  mother's  nipple  is  placed  in  the 
mouth  of  a  newborn  infant  and  a  few  drops  of  colostrum  tasted 
by  it,  there  ensues  a  form  of  peristaltic,  vacuum-producing  move- 
ment of  the  tongue  and  lip.s,  which  at  first  is  probably  reflex  in  its 
nature. 

(h)  Deglutition. — The  presence  of  food  in  the  back  part  of 
the  mouth  and  in  the  pharynx  brings  on  successive  dilatations  and 
<^)ntractions  in  the  segments  of  the  oesophagus  from  above  down- 
wanl,  constituting  the  act  of  swallowing.  Only  the  initial  part  of 
this  act  is  under  voluntary  control.    The  rest  is  purely  reflex. 

(r)  Gastric  Movements. — These  are  induced  by  the  presenw 
of  food  in  the  stomach,  and,  as  is  well-known,  ser\'e  as  an  impor- 
tant factor  in  gastric  digestion.  Closely  associated  with  it  and  yet 
distinct  from  it  is 

{(I)  The  Pyloric  Reflex,  by  virtue  of  w^hich  the  contents  of 
the  stomach  are  retained  in  it  until  gastric  digestion  is  complete. 
It  consists  of  a  firm  contraction  of  annular  muscle-fibers,  and  of  a 
subsequent  relaxation  of  these  fibers  permitting  the  stomach  con- 
tents to  pass  into  the  duodenum. 

(r)  The  Intestinal  Movements. — These  are  perhaj)s  not  to 
be  disassociateil  from  those  of  the  stomach,  which  they  resemble 
at  least  to  some  extent.  They  are,  too,  similarly  caused  by  the 
presence  of  the  ingested  food  in  them. 

Whether  a  separate  reflex  act,  or  accomplished  by  the  aid  of 
duodenal  i)eristalsis,  the  emj)tying  of  bile  from  the  gall-bladder 
into  the  bowel  is  probably  reflex.  The  presence  of  muscle-fibers 
in  its  walls  would  point  to  this. 

( /*)  Defecation. — While  to  a  certain  extent  a  voluntary  act, 
defecation  is  reflex  to  a  degree.  Indeed,  it  is  highly  probable 
that  the  inhibition  of  the  act  of  emptying  the  rectum  is  the  volun- 
tary act,  while  the  witlidrawal  of  the  inhibition  (relaxing  the 
sj)hineter  ani)  permits  the  act  of  defecation  to  be  accomplished 
either  entirely  reflexly  or  by  the  aid  of  the  voluntary  action  of 
tlie  (liaplirajrni  and  abdominal  muscles. 

It  will  be  seen  that  these  reflexes  connected  with  the  alimentary 
canal,  may  all  be  inclnded  under  two  forms  of  nniscular  activity  : 
peristalsis  and  constriction.  Strictly  speaking,  annular  contrac- 
tion of  the  alimentary  tube,  constriction,  is  a  part  of  peristalsis, 
but  as  exemplified  by  the  cardiac  and  pyloric  ends  of  the  stomach 
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and  by  the  sphincter  ani  muscles^  constriction  most  be  distin- 
guished as  a  separate  reflex  act. 

The  subject  of  the  reflexes  connected  with  the  alimentary  canal 
would  not  be  complete  without  mention  of  the  occasional  reverse 
movements. 

{(/)  Emesis. — This  is  a  reflex,  verj-  complicated  in  mechanism. 
In  its  simplest  form  it  arises  from  irritant  ingesta  exciting  spas- 
modic contraction  of  the  stomach  and  extrusion  of  its  contents 
through  the  relaxed  oesophagus.  But  many  other  stimuli  are 
capable  of  pnxlucing  the  motor  phenomenon  of  vomiting.  Thus 
nauseating  odors,  certain  visual  impressions,  such  as  the  sight  of 
blood,  or  of  objects  which  are  associated  in  the  memory  with  a 
former  nausea  are  examples  of  the  numerous  sensory  avenues 
through  which  the  emetic  reflex  may  be  excited. 

(/i)  Duodenal  Regurgitation. — ^This  may  accompany  the 
preceding  or  it  may  occur  independently  of  it.  Usually,  however, 
it  results  in  vomiting,  as  the  presence  of  bile  in  the  stomach  is  ir- 
ritating, producing  nausea. 

II.  The  Genito-Uritiary  Tract. 

(a)  Micturition. — This  act  is  allied  to  that  of  defecation,  be- 
ing voluntarily  inhibited,  and  taking  place  reflexly  on  the  with- 
drawal of  the  inhibition  (relaxation  of  the  vesical  sphincter). 

(6)  Seminal  Emission. — In  the  male,  this  may  be  a  purely 
reflex  act  or  it  may  be  led  up  to  by  voluntary  movements.  In 
the  latter  case,  illustrated  by  coitus,  when  the  excitation  of  the 
glans  penis  has  reached  a  (certain  stage  the  reflex  contractions  of 
the  ejaculatory  muscles  proceed  without  possil)ility  of  further 
voluntary  inhibition.  In  sleep  the  act  may  occur  as  a  purely 
reflex  one,  the  stimulus  being  suj>plied  by  too  great  warmth  of 
the  i)arts,  irritation  within  the  vesico-urethral  canal  or  subcon- 
sciously by  dreams. 

In  the  female,  (»xcitati<>n  of  the  walls  of  the  vagina,  principally 
of  the  introitus  and  of  its  upj)er  part,  is  the  normal  causal  factor 
of  this  reflex  act. 

{(')  PAirrr  niTioN. — The  <rnivid  uterus  is  capable  of  voiding  its 
contents  independently  of  voluntjiry  control,  as  demonstrated  in 
eases  of  transverse  lesion  of  the  cord  al)ove  the  parturition  center. 
Fsually  in  the  second  stap'  of  labor,  voluntary  muscular  contrac- 
tion in  the  diaj)liragm  and  abdominal  walls  reinforces  the  reflex 
act. 

IIL    The  Pfipi//(fri/  Rvficx. 

When  the  light  entering  the  eyeball  is  suddenly  increased  in 
intensity  the  iris  contracts  leaving  a  smaller  ]nipil.  Relaxation 
follows  if  the  light  is  subdued. 
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When  an  object  seen  at  a  distance  of  two  feet  or  more  is  quickly 
moved  up  near  the  eyes,  and  the  gaze  be  fixed  on  it,  the  eyes 
converge  and  the  pupils  become  narrow.  This  is  the  pupillar\' 
reflex  of  accommodation. 

When  the  skin  of  the  side  of  the  neck  is  painfully  irritated,  the 
pupil  expands  in  some  individuals.  These  are  the  forms  of  the 
pupillary  reflex,  as  it  appears  in  health.  In  nervous  disease 
there  may  be  a  dissociation  of  these  forms,  or  there  may  be  total 
immobility  of  the  irides. 

rv.   The  Circulatory  Si/fttem, 

Throughout  the  system  of  blood  vessels  of  the  body  we  find  an 
accompanying  intricate  nerve-supply,  through  which  medium  the 
muscular  walls  of  the  blood  vessels  are  influenced  to  contract  or 
to  relax,  and  so  control  the  volume  of  blood  in  a  given  part.  In 
the  heart,  there  are  met  everywhere  in  its  muscular  walls  nerve- 
fibers  originating  in  the  cardiac  ganglia,  in  those  of  the  sympa- 
thetic system  elsewhere,  and  in  the  medulla  oblongata.  None  of 
these  is  subject  to  voluntary  control,  and  stimuli  arriving  through 
them  originate  by  irritation  of  the  centers  directly  or  by  sensory 
impressions  received  by  these  centers.  In  the  latter  case  it  will 
be  seen  that  a  true  reflex  mechanism  is  called  into  play. 

Dilatiition  and  contraction  of  the  smaller,  peripheral  blood 
vessels,  giving  rise  to  the  phenomena  of  blushing  and  pallor  re- 
sjK?ctively,  are  often  due  to  sensory  stimulation.  This  may  result 
as  a  simple  reflex  act  or  with  the  interposition  of  an  emotional 
(psychic)  state.  It  may  not  be  unjustifiable  to  consider  the  latter 
as  a  (•om]>lex  reflex  action,  as  when  the  sight  of  an  accident 
hapix^ning  to  another  produces  pallor,  for  example.  It  is  also  a 
well-recognized  fact  that  an  organ  in  active  functional  state  is  pro- 
vided with  more  blood  than  when  quiescent,  /.  c,  relaxation  of  its 
vessel-walls  occurs  in  the  presence  of  that  which  excites  ib^  func- 
tion. As  an  example  of  this  may  be  cited  the  stomach  ;  its  blood 
vessels  are  comparatively  turgid  when  finxl  is  taken,  and  con- 
tracted during  a  fast. 

V.   The  RcMpindory  Trad, 

Mention  has  already  lx»en  made  of  the  influence  of  the  blood 
on  the  centers  of  respiration,  varying  with  its  degrw  of  oxy- 
genation. It  is  well  known  that  rc^spiration  may  not  be  vol- 
untarily long  suspended,  the  venous  blood  stimulating  to  renewed 
res|)iratory  movements  overcoming  voluntary  inhibition. 

Certain  volatile  gases,  as  well  as  odors  of  certain  kinds,  stim- 
ulate respiration,  while  others  depress  it,  both  acting  in  a  more  or 
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less  complicated,  relflex  manner.  Here  too,  an  .  '.motional  state 
may  be,  as  it  were,  interposed. 

4.  Relation  of  Reflex  Action  to  Higher  Psychic  Phe- 
nomena.— From  the  foregoing  will  be  seen  in  part  the  important 
role  of  reflex  action.  While  the  vegetative  functions  are  nearly 
entirely  maintiiined  by  it,  in  some  form  or  other,  many  of  the 
other  body-functions  are  also  purely  reflex  in  their  character. 
Nor  is  it  difficult  to  conceive  the  complicated  processes  of  percep- 
tion, conception,  memory,  and  other  psychic  phenomena,  as  reflex 
^cts  of  greater  complexity,  /.  e.^  involving  more  sets  of  neurons 
than  the  simpler  ones  just  considered. 


e.  The  Location  of  Reflex  Centers. 


A  diagram  of  the  various  reflex-centers  eorresj)onding  to  tlie 
reflex  actions  above  mentioned,  nmst  of  necessity  include  not  only 
the  axile  motor  cell-groups  giving  origin  to  the  motor  nerves  that 
produce  the  respective  movements,  but  also  the  various  sensor^' 
centers  in  the  same  cerebro-spinal  stem  capable  of  stimulating 
those  motor  cell-groups.  In  the  cases  of  the  organic  reflexes,  as 
well  as  in  those  of  many  of  the  superficial  reflexes,  these  sensory 
(renters  are  verj^  numerous  and  their  conn(K!tions  with  the  motor 
centers  multiplex.  Furthermore,  such  a  diagram  could  be  of  little 
stTvice  in  diagnosis  in  the  absence  of  other  symptoms,  since  the 
loss  of  any  given  reflex  is  not  evidence  always  of  disease  of  either 
center,  but  may  be  due  to  a  lesion  locatwl  anywhere  in  the  reflex- 
arc.  As  an  aid,  however,  to  the  hn'ation  of  lesions,  ri^cognized  as 
being  in  the  cerobro-spinal  stem,  the  following  table  may  l)e  of 
service  : 


Keflex. 


Location  of  Center. 


Plantar. 

(i  luteal. 

(  roinasteric. 

Krirlilc  of  JVnis. 

Abdominal. 

K|)i^a.stric. 

Maniinarv. 

.S'apnlar. 

Palmar. 

Larvn«j:t'al. 

I'liarvimfal. 

Nasal  " 

(  onjunctival. 

Ti'n<lo-At'liillis. 

AnkU'  (  lonus. 

Patellar. 

Kxtensoi-s  of  IIan<l. 
lloxors  of  Hand. 


I  an<l  II.  Sacral  Segments. 

I\'  and  V.  Lumbar. 

I-III.  Lumbar. 

I-II.  Lumbar. 

Vll-Xl.  Dorsal. 

IV- VII.  Dorsal. 
,    Il-XII.  Dorsal. 

v.  (  ervieal  to  I  I)oi*sal. 

VII.  Cervicjil  to  I  Dorsal, 
i  X.  Cnuiial  Nerve.  Bidb. 
I    IX.  Cranial  Nerve.  Bulb. 

v.  Cranial  Nerve.  Bulb. 

v.  Cranial  Nerve.  Bulb. 
I    Ill-V.  Sacral. 

v.  Lumbar. 

II.  Lund)ar. 

\'I.  Cervical. 
,    VII-VIII.  Cervical. 
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Refxex. 


Pronotor  of  Hand. 
Triceps. 

Supinator  of  Hand. 
Biceps. 

Inf.  Maxillary. 
Defecation. 
Micturition. 
Seminal  Emission. 
Parturition. 
Intestinal  Movements. 
Duodenal  Regurgitation. 
Pylorus. 

(lastric  Movements, 
f^mesis. 
Deglutition. 
Sucking. 
Respiration  : 

Expiration. 

Inspiration. 
Circulation  : 

Cardiac  acceleration. 

Canliac  inhibition. 

Vaso-motor  dilatation,  Wmx^. 

Vaso-raotor  constriction,  pallor. 
Pupillary. 
Vjiso-motor. 
Salivary  secretion. 


Location  of  Center. 


VIII.  Cervical. 

VI.  Cervical. 
V.  Cervical. 
IV-V.  Cer%ical. 

V.  Cranial  Nerve.  Bulb. 
IV.  Lumbar. 

III.  Lumbar. 

IV.  Lumbar  to  III  Sacral. 
I-II.  Lumbar. 

X.  Cranial  Nerve  in  Bulb. 

I-  V.  Dorsal  (Splanchnic). 
X.  Cranial  Nerve  in  Bulb. 
X.  Cranial  Nerve  in  Bulb. 
X.  Cranial  Nerve  in  Bulb. 

IX  and  X.  Cranial  Nerve  in  Bulb. 

V.  VII,  and  XII.  Cranial  Nerves  in  Bulb. 
Tip  of  Calamus  scriptorius. 

X.  Cranial  Nerve  in  Bulb. 
X.  Cranial  Nerve  in  Bulb. 

I I -  II  I.  et  sen.f  Dorsal. 

X.  Cranial  Aerve  in  Bulb. 

VII.  Cranial  to  III  Sacral. 

II.  Dorsal  to  II  Lumbar  inclusive, 
ly.  Cervical  to  III  Dorsal. 
Floor  of  the  fourth  ventricle. 
VII.  Cranial  Nerve  in  Bulb.  Chorda 
Tympani. 


3.  THE  TROPHIC  FUNCTION  OF  THE  SPINAL  CORD. 

In  considering  the  functions  of  the  spinal  cord,  sight  must  not 
he  lost  of  the  inherent  property  of  cell-bodies  here,  as  indeed 
everywhere  throughout  the  nervous  system,  to  maintain  the  nu- 
trition of  the  more  distant  parts  of  the  res]K»ctive  neurons.  And 
as  we  have  studied  at  length  the  functions  of  conduction  and  re- 
flex action  in  the  cord, — ^functions  that  are  not  j)erformed  by  it 
exclusively, — so  it  will  be  proper  here  briefly  to  consider  its 
tr<>j)hic  function. 

liCsions  of  the  cell-bodies  themselves  compromise  the  nutrition 
of  the  entire  neunms ;  lesions  of  the  branches  alone  affect  the 
parts  distal  to  the  lesion.  The  degenerations  resulting  from  such 
lesions  have  enabled  us  to  trace  with  a  fair  degree  of  certainty 
the  courses  of  the  various  neurons  of  the  cord.  (^(f.  IkUnger 
on  the  Cvntrnl  Nerrous  System,) 

It  is  of  prime  imi^rtimce  to  remember  that  the  trophic  influence 
of  the  motor  neurons  is  exten<lt»d  l)eyond  the  motor  end-plates  to 
the  muscles  themselves ;  so  that  the  nutrition  of  the  mu.scles  is 
intimately  related  to  that  of  the  nerve-trunks  supplying  them, 
l>oth  depending  on  the  trophic  influence  of  the  cell-body.  From 
this  tact  it  follows  that  a  destructive  lesion  of  the  cell-bodies  of 
30 
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i\w  \H*r\\Awni\  motor  iH^uroiiK^  well  aw  one  interrupting  their 
<'e||iiliiii|/iil  n^  rve-currentK,  imn^'i^  not  only  degeneration  in  the 
n>|x'*'iiv4'  iiervr-filier^,  but  uIni  atrophy  of  the  mu^Ki'les  inner\'ated 
hy  lh<*iii.  Noii-iKvtruiftive  le^ionn  may  pervert  the  nutritional 
u\\\\u*\U'it  ami  prodiK'e  a  eondition  of  dyntrophy. 

4.  THE  PHYSIOLOGY  OF  THE  MEDULLA  OBLONGATA  OB 
MYELENOEPHALON.i 

I  jki*  \  \w  Hpiniil  cord  (he  medulla  oblongata  is  both  a  path  of 
eoinmiinieiition  between  the  higher  eentern  and  the  periphery,  and 
an  independent  center  regulating  funetiouH  of  the  utmost  impor- 
tance in  the  HVHtem. 

n.  The  Medulla  as  a  Medium  of  Oonduction. 

The  pathn  in  the  medulla  which  transmit  volitional  motor  im- 
pulncH  are  the  bcsl  understood  ;  little  is  kuow^i  regarding  the 
iimetional  activity  of  the  numerous  afferent  and  efferent  tracts 
which  connect  the  nu^dulla  with  the  cerebellum  and  cerebral 
ganglia,  wv  of  the  sp(»<'i(ic  functions  of  the  various  gniv  centers  of 
(ht»  mcclulla  itself.  We  aiv  moi*c  indebtcil  to  the  cjireful  study 
which  has  been  uuulc  t»f  se(H>mlarv  degt^nenition  of  the  medullary 
tracts  auil  U\  \\w  phenomena  of  disease  than  to  any  direi»t  experimen- 
tation, hiivct  e\p(*riments  on  the  meilulla  itself  an*  full  of  diffi- 
culties anti  the  ivsults  iHunplieattHl. 

That  the  pynimids  aiv  the  jKiths  of  volitional  motor  impulse  is 
piHUtnl  nuv^t  satistactiu*ily  by  the  s<H»ondary  di^nienition  which 
cn>uc«*  in  !hen\  in  iH»nMH|Uciu\  of  destruction  of  the  iH»rtieal  mo- 
t\»r  Ci*n!cr^.  rhcpNrauud  ilcgencratc^  on  the  s;ime  side  as  the 
c\»rtical  lesion  and  tin*  a*i  the  point  of  dtvu>sation  i>f  the  pyni- 
mid^  and  ihv^ui'o  the  dcii\^neratiou  is  ivntimitHl  d«»wnwan.l  in  the 
pNramivhd  iruci  ol'  \\w  latend  i\^lumu  i»f  the  spinal  is^nl  on  the 
oppvvsiio  >i\lo  auvl  jKUilN  also,  a-»  will  Iv  ivnu'inU'rvnl.  in  the  an- 
l\  r'u»r  p\rauud:ii  tnu  i  v»t*  the  >;uue  siile,  tor  a  wrtain  di<tanet»  at 
Iwi-^l.  K\|H'rniu  utal  evivleuvv  a>  l«»  x\\y  iv<ult  of  >^vti«m  the 
pManiivU  i-^  hat  iiiiv\ rtaiiu  but  iu  monkvy<  and  tnan  there 

v\in  bv  iiv*  ijiK'-iiv'H  a-^  to  \\w\v  Iviiii:  ni»»t«»r  ^xulw  In^-tween  the 
v\M  U'\  ;rul  \  \w  A\\wv\^^v  's«v:»^  v»t"  the  <p?!ial  »'^'nl. 

jMvl        ! ;i!  M  i!-.'''-: 'i\        vi!t'.-v  !inv-\  rtaiiit\ .  ?!*  ri- -t  a  irr^utt r.  ».  v- 
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pyramids  both  motor  and  sensor\'  tracts  of  the  left  half  of  the 
body  lie  in  the  right  half  of  the  medulla  oblongata  and  vice  versa. 

b.  The  Medulla  as  an  Independent  Center. 

As  such  it  presides  over  and  regulates  functions,  on  the  due 
perfoniiance  of  which  life  essentially  dei^ends,  as  well  as  many 
others  of  considerable  complexity  but  of  less  vital  importance. 
All  of  the  cranial  nerves  with  the  exception  of  the  firet  four  (viz., 
the  olfactory,  optic,  motor-oculi  and  pathetic)  have  their  primary 
origin  in  the  nuHlulla  oblongata,  and  the  third  and  fourth  nerves, 
though  springing  from  nuclei  in  the  jfloor  of  the  aqueduct  of 
Sylvius,  arc  also  connected  with  the  sixth  pair  through  the  jx)S- 
tcrior  longitudinal  tracts.  Should  all  the  encephalic  centers  above 
the  medulla  oblongata  be  removed,  the  mutilated  organism,  even 
of  a  warm-bl<K)dcd  animal,  can  live  and  breathe.  The  functions 
<lci>cnding  on  the  spinal  centers  will  go  on  automatically  and 
under  reflex  actions  will  be  called  forth  in  regions  innervated, 
esi)ecially  by  the  medulla  itself.  Thus  the  eyelids  will  close  if 
the  conjunctiva  be  touched  ;  the  lingual,  oral  and  facial  muscles 
will  contract  and  the  ear  twitch  on  imtation  of  the  sensory  nerves 
in  reflex  relation  with  the  movements  in  question.  But  the  move- 
ments capable  of  being  elicited  through  the  medulla  oblongata  are 
in  many  instances  of  a  remarkable  degree  of  complexity.  Thus  if 
a  morsel  of  food  be  i)laced  on  the  back  of  the  tongue  the  combined 
and  (»oordinatt<l  movements  of  the  lips,  tongue,  jxdate  and  j)harynx 
concerned  in  the  mechanism  of  deglutition  will  be  executed  with 
as  great  |)rccision  as  in  ])erfectly  normal  conditions.  In  a  young 
animal,  so  nuitilatinl,  the  introduction  of  the  nipple  between  the  lij)3 
will  be  sufficient  to  set  up  the  appropriate  movements  of  sucking. 

Occasionally  human  infants  are  born  entirely  without  cerebral 
centers  above  the  medulla  oblongata,  and  yet  an  acephalous  infant 
sucks  and  swallows  as  well  as  the  perfectly  develojxjd  child  when 
put  to  the  mother's  breast.  The  medulla  oblongata  is  the  coor- 
dinating center  of  all  these  associated  movements.  Destruction 
of  the  medulla  oblongsita  causes  their  instant  and  i)ermanent  anni- 
hilation. 

Th(»  various  atterent  and  efferent  nerves  concerned  in  the  mech- 
anism, viz.,  the  hypoglossal,  glosso-|)har}'ngeal,  facial  and  tri-facial, 
all  sj)ring  directly  from  gray  nuclei  in  the  medulla.  Fig.  287 
shows  the  location  of  the  princi|Md  centers  of  the  medulla.  The 
plexiform  arrangement  seen  in  the  nerves  which  are  concerned  in 
the  movements  of  the  limbs  is  not  manifest  in  the  case  of  the 
cranial  nerves,  exce|>t  in  those  of  the  phary  ngeal  plexus  ;  but  there 
can  l>c  little  doubt  that  there,  as  in  the  spinal  centers,  the  nuclei  of 
the  various  nerves  concerned  in  spc»cial  physiological  coordinations 
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are  so  connected  together  that  a  coordinate  synerg}^  is  occasioned 
by  stimulation  just  as  readily  as  a  single  muscular  contraction,  on 
stimulation  of  an  undivided  muscle-ner\'e. 

The  movements  concerned  in  the  production  of  articulate  speech 
have  also  probably  their  primary  coordinating  centers  in  the  me- 
dulla oblongata.  This  is  indicated  more  particularly  by  the  phe- 
nomena of  disease  in  this^ 
region  in  man.  In  "  Bul- 
bar Paralysis,"  the  dis- 
ease usually  begins  with 
slight  defect  in  the  speech 
and  the  patient  has  diffi- 
culty in  pronouncing  the 
dentals  and  Unguals ;  the 
voice  becomes  nasal.  The 
paralysis  starts  in  the 
tongue  and  the  sujierior 
laryngeal  muscle  gradu- 
ally l)ecomes  atrophied 
and  finally  the  mucous 
membrane  is  thrown  into 
folds.  When  the  lij^s 
become  involved  the  pa- 
tient can  neither  whistle 
nor  pronounce  the  vowels 
"o"and"a.''  The  mus- 
cles of  the  vocal  cords 
waste  and  the  voice  be- 
comes enfeebled.  Death 
sometimes  results  from 
an  aspiration  pneumonia,, 
sometimes  from  choking, 
more  rarely  from  an  in- 
volvement of  the  respira- 
tory centers.  The  disease 
is  found  to  de.iKjnd  on  a 
process  of  degeneration 
spcM'ially  in  the  nuclei  of  the  hypoglossal,  aeeessorius,  vagus,  facial 
and  glosso-pharyngeal  to  a  greater  or  less  extent.  The  order  of 
progression  of  the  symptoms  indicates  a  functional  association  of 
the  nuclei  which  are  imi)licated,  but  the  exact  anatomical  details 
are  still  obscure. 

The  medulla  oblongata  is  a  center  of  facial  and  of  some  other 
forms  of  what  is  usually  regarded  as  emotional  expression.  Vul- 
pian  has  shown  that  if  a  young  rat  be  deprived  of  all  encephalic 
centers  above  the  medulla  oblongata,  pinching  of  the  toes  will 


Scliematic  truns^»arcnt  soction  «»f  iuo<lulIa  oblongata, 
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oause  not  merely  movements  of  the  limbs  but  also  a  cry  of  pain. 
If  the  medulla  be  now  destroyed  pinching  the  toes  will  cause  re- 
flex movements  of  the  limbs  as  before,  but  no  cry  will  be  elicited. 
The  cry  as  of  {yain  is,  however,  no  real  sign  of  pain,  but  only  a 
reflex  action  of  the  larj-ngeal  and  expiratory  muscles. 

The  coordination  of  the  respiratory  movements  is  one  of  the 
most  important  functions  of  the  medulla  oblongata.  So  long  as 
the  medulla  is  intact  the  function  of  respiration  goes  on  in  an 
automatic  or  reflex  manner  with  the  most  i)erfeet  regularity  and 
rhythm.  When  the  medulla  is  destroyed  respiration  ceases  and 
death  ensues  in  all  animals  which  cannot  live  by  cutaneous  res- 
piration alone,  like  the  frog.  The  chief  center  of  coordination  of 
the  respinitofy  movements  is  situated  near  the  beak  of  the  cjilamus 
scriptorius,  coinciding,  or  hoxug  in  the  closest  relation,  with  the 
nuclei  of  the  vagus  nerves.  From  this  point  proceed  the  impulses 
which  excite  the  associated  and  coordinated  movements  of  the  dia- 
phragm, thoracic  walls  and  air  passages. 

If  the  spinal  cord  be  cut  alx)ve  the  origin  of  the  phrenic  nerve 
the  thoracic  muscles  and  diaphragm  sjieedily  cease  to  act  effectively 
for  purjwses  of  respiration,  but  as  it  has  been  shown,  may  still 
continue  to  act  rhythmically  and  to  respond  to  stimulation  of  cer- 
tain sensory  surfaces  for  a  short  period  after  section  of  the  cord 
below  the  calamus.  In  some  animals  respiratory  movements  con- 
tinue for  a  longer  or  shorter  period  after  complete  removal  of  the 
medulla  oblongata.  The  respiratory  center  is  in  reality  not  a 
single  cell  group,  but  a  bilateral  group,  each  in  relation  to  the 
vagus  center  of  its  own  side.  The  two  act  normally  in  perfect 
unison,  but  they  may  be  divide<l  by  a  longitudinal  incision  in  the 
median  line,  and  then  they  lose  their  absolute  synchronism  and 
each  half  of  the  respiratory  apparatus  may  perform  its  function 
independently  of  the  other.  The  respiratory  centers  are  in  rela- 
tion, however,  not  only  with  the  afferent  impri»ssions  conveyed  by 
the  vagus,  but  also  with  those  of  the  sensory  nerves  in  general 
and  verv  manifestlv  with  those  of  the  head  and  chest.  Hence  a 
sudden  stimulation  of  these  surfaces,  such  as  by  a  dash  of  water, 
causes  active  inspiratory  movements.  But  a  sudden  stimulation 
of  a  sensory  surface  or  sensor}'  tract  causes  spasmodic  arrest  for 
a  time,  either  in  the  state  of  inspiration  or  under  certain  circum- 
stances of  expiration.  The  rhythmical  alternation  of  inspiratory 
movements  is  not,  however,  entirely  dependent  on  reflex  excita- 
tion, for  respiratory  movements  may  continue  after  all  the  afferent 
nerves  coniK^cttnl  with  the  center  have  been  divided.  In  this 
case  there  is  a  true  automatic  activity  influenced  by  the  state  of 
the  1)1o(k1  itself.  The  diminution  of  oxygen  and  accumulation 
of  oxidation  products  in  the  blood  act  as  a  stimulus  to  the  rt^spi- 
ratory  centers.    When  the  blooil  is  artificially  hyperoxygt»nated 
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the  movements  of  respiration  come  to  complete  standstill,  a  con- 
dition termed  apnoea.  Non-aeration  of  the  blood,  resulting  from 
obstruction  of  the  respiratory  functions,  powerfully  excites  the 
movements  of  both  inspiration  and  expiration,  ^nd  ultimately,  if 
the  obstruction  continues,  causes  general  convulsions  of  the  whole 
body  as  in  asphyxia.  The  respiratory  mechanism,  though  essen- 
tially automatic  or  reflex,  is  to  a  great  extent  under  the  control  of 
the  will.  It  is  by  the  volitional  control  we  possess  over  the  res- 
piratory movements,  that  we  are  enabled  to  combine  them  with 
those  of  articulation  for  the  purposes  of  speech  and  vocalization 
and  in  a  similar  manner  by  closure  of  the  glottis  and  forcible  con- 
traction of  the  expiratory  muscles  we  can  aid  the  expulsion  of  the 
contents  of  rectum  and  genito-urinary  organs.  Our  volitional 
control  over  the  respiratory  mechanism  is  limited. 

Irritation  of  the  branches  of  the  vagus  distributed  to  the  ali- 
mentary canal  induces  vomiting,  in  which  there  is  a  combination 
of  movements.  The  essentials  are,  dilatation  of  the  cardiac  ori- 
fice of  the  stomach  and  forcible  pressure  on  this  viscus  by  the  ex- 
piratory muscles  of  the  abdomen.  It  is  customary  to  consider  a 
special  vomiting  center,  which  is  supposed  to  coordinate  all  these 
movements,  but  it  is  now  held  by  physiologists  that  the  facts  da 
not  justify  a  center  distinct  from  the  respiratory  center,  with  such 
modifications  as  are  conditioned  by  the  starting  point  of  the  ex- 
citing stimulus. 

The  medulla  oblongata  also  excites  a  controlling  influence  on 
the  action  of  the  heart  and  the  state  of  the  blood-pressure.  The 
rhythmical  movements  of  the  heart  are  independent  of  the  medulla 
oblongata  and  of  the  cerebro-spinal  centers  in  general,  and  are 
conditioned  mainly  by  the  intrinsic  ganglia  of  the  heart  itself ;. 
the  heart  muscle  contracts  rhythmically  on  stimulation  apart  from 
all  nerves  or  ganglia. 

It  will  be  recalled  that  the  inhibitory  nerves  of  the  heart  run 
in  the  trunks  of  the  vagi,  also  that  cutting  the  vagi  causes  an  in- 
crease in  the  number  of  heart-beat*^ ;  stimulating  the  cut  ends 
C4Uises  a  diminution  in  the  number  of  heart  beatn.  A  greater  or 
less  degree  of  inhibition  is  constantly  maintained  by  the  medulla,. 
iis  is  shown  by  the  acceleration  of  the  heart's  action  which  fol- 
lows section  of  the  vagi.  The  fibers  which  cause  the  inhibition 
of  the  heart,  spring  from  the  spinal  accessory  nucleus  and  be- 
long to  the  motor  or  centrifugal  system.  The  accelerator  nerves 
of  the  heart  travel  through  the  last  cervic^il  and  first  dorsal  gan- 
glia of  the  sympathetic.  Stimulation  of  these  nerves,  us  has  been 
proved  by  Gaskell,  increases  the  strength  as  well  as  the  rate  of 
the  cardiac  contractions. 

The  arterial  walls  are  maintained  in  a  continual  state  of  tone 
which  varies  within  certain  limits,  either  automatically  or  in  re- 
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flex  relation  with  certain  local  and  general  afferent  stimuli.  The 
tone  of  the  blood  vessels  is  in  a  large  measure  dependent  upon 
the  gray  matter  of  the  spinal  cord,  the  various  segments  of  which 
may  be  regarded  as  more  or  less  independent  vaso-viotor  centers. 
But  the  predominating  influence  in  the  vascular  system  and  the 
presiding  influence  over  the  variations  in  the  blood-pressure  de- 
pend upon  the  center  in  the  medulla  oblongata.  As  long  as 
the  medulla  is  intact,  all  the  centers  situated  above  it  may  be 
removed  without  greatly  influencing  the  tone  of  the  blood  vessels 
or  inte^rfering  with  the  variations  of  the  blood-pressure.  If, 
however,  the  cord  be  severed  below  the  calamus  scriptorius  a 
general  vaso-motor  paralysis  ensues  with  enormous  fall  of  the 
blood-pressure,  owing  to  the  greatly  increased  vascular  area. 
More  precisely  the  center  corresponds  to  the  ganglionic  cells  of 
the  upper  oliva  or  the  antero-lateral  nucleus.  This  region,  or  its 
homologue  in  other  animals,  is  termed  the  vaso-motor  center  and 
this  center  is  supposed  to  be  connected  with  all  the  afferent  nerves 
capable  of  modifying  its  influence.  Stimulation  of  the  sensory 
nerves  causes  an  excitation  of  the  vaso-motor  center  and  constric- 
tion of  the  arteries. 

The  medulla  oblongata  is  a  coordinating  center  of  reflex  actions 
cMsential  to  the  maintenance  of  life.  If  all  the  centers  above  the 
medulla  oblongata  be  removed  life  may  nevertheless  continue. 
The  respiratory  movements  may  go  on  with  their  accustomed 
regularity  and  rhythm  ;  the  heart  will  continue  to  beat  and  the 
circulation  be  regulated  as  under  normal  conditions ;  the  animal 
may  swallow  food  if  it  be  placed  in  its  mouth,  may  redact  in 
apparently  puq>osive  manner  to  impressions  made  on  the  sensory 
nerves,  withdrawing  its  limbs  or  endeavoring  to  remove  itself  from 
the  cause  of  irritation,  or  even  utter  a  cry  of  pain,  and  yet  will 
be  merely  an  unconscious,  unintelligent  reflex  mechanism. 

a   COORDINATION  AND  EQUILIBRATION. 

THE  PHT8I0L00T  OF  THE  CEREBELLUM  OR 
METENCEPHALON. 

1.  COORDINATION:  ADJUSTMENT  OF  MUSCULAR  ACTION. 

Regarded  merely  as  a  most  complicated  mechanism  of  bony 
frame-work  and  muscles,  so  adjusted  as  to  permit  almost  an  in- 
finity of  movements,  changes  of  ]X)sition,  yet  always  in  conformity 
with  the  natural  force  of  gravity,  even  to  the  most  casual  investi- 
gator a  correlating  influence  is  apparent,  an  arrangement  by  which 
any  change  of  position  in  a  part  of  the  body  is  ac(»omplished 
through  a  nicely  opposed  action  of  two  or  more  sets  of  muscles. 
Of  these  one  relaxes  as  the  other  contracts,  or  where  several 
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groups  are  concerned  different  degrees  of  change  in  tension  occur 
in  the  different  groups,  to  just  the  extent  necessary  to  produce  the 
desired  movement.  Such  a  movement  may  be  initiated  by  a  dis- 
tinct, vohintary  impulse,  but  this  voluntary  impulse  is  apparently 
very  simple  in  comparison  with  the  complexity  of  the  resultant 
muscular  actions.  Later,  in  considering  the  functions  of  the 
cerebral  cortex,  we  shall  see  more  clearly  how  such  a  result  is  ob- 
tained. But  it  is  evident  that  however  such  actions  are  produced, 
there  must  be  operative  some  controlling  force,  whereby  the  con- 
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Scnii-<liugruiinuatic'  transverse  st'ctiuii  of  a  crreboUar  convolution  of  a  luaninial.  A,  molec- 
ular layer:  ^franular  layer;  /one  of  the  white  .suhstanee  ;  eel!  of  I'urkinje  ;  />,  small 
•«tar-sha|>e<l  cell  of  the  moh-eular  layer  ;  »/.  terminal  tlescendiuK  arlMtrization>  surrounding  the 
cells  of  Purkinie;  ' .  superticial  star-shaped  cells;  /,  lar^e  star-sha|»eU  cells  of  the  granular 
layer:  »/.  granules  with  their  a^eendinu  axis-cylinders  hilurcateti  at  /;  fi.  njossv  fibers  ;  j.  neu- 
n>glia  cell  with  phune  ;  m,  neuroglia  cell  of  the  granular  layer;  /»,  climbing  tii)ers  ;  <>,  ascend- 
ing collatcraN  of  the  axis-cylinders  of  the  I'urkinje  cells.    (C'ajaL. ) 

traction  and  relaxation  of  opposed  o:mups  of  muscles  are  properly 
adjusted,  ^rivin*::  steadiness  of  action,  and  avoiding  trenil)ling, 
wavering,  and  other  ineoordinated  movements.  Sueli  a  force  must 
be  elferent,  /.  r.,  exerted  on  the  motor  nieehanism.  And  the  cen- 
ter from  which  it  rises  must  be  in  intimate  rehitionship  with  those 
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afferent  nerve-currents  through  which,  either  as  general  or  as 
special  sensation,  we  recognize  our  position  relative  to  our  sur- 
roundings. Such  afferent  impulses  in  all  probability  arrive 
through  all  the  varied  sense-apparatus,  as  may  be  learned  when 
one  or  more  is  wanting. 

This  center  of  unconscious  control  of  muscular  movement  de- 
termined by  uni)erceived  sensation,  so  to  8i>eak,  is  the  cerebellum. 
The  (controlling  force  which  it  exercises  is  ecjuilibration.  Through 
its  peduncles  connecting  its  hemispheres  with  the  cerebrum,  with 
the  medulla  and  cord,  and  with  each  other,  it  receives  afferent 
impulses  and  emits  efferent  ones.    (See  Fig.  288.) 

Though  there  is  a  more  general  agreement  among  physiologists 
as  to  the  results  of  lesions  of  the  cerebellum  than  of  any  other 
portion  of  the  encephalon,  there  seems  to  be  a  correspondingly 
greater  difficulty  in  finding  such  a  definition  of  the  functions  of 
this  organ  as  shall  have  a  clinical  and  physiological  value. 

ExiK?riments  prove  satisfactorily  that  destruction  of  the  cerebel- 
lum in  the  lower  mammals  is  followed  by  long  continued,  if  not 
ix?rnianent,  disorders  of  coordination  and  equilibration. 

The  cerebellum,  like  the  cerebrum,  does  not  resjx)nd  to  me- 
chanical irritation.  It  has  been  found  that  if  the  induced  current 
be  applied  to  the  cortex  of  the  cerebellum  in  rabbits  a  series  of 
ocular  and  other  movements  occur,  depending  upon  the  point 
which  is  stimulated.  Electric  stimulation  of  the  cerebellum  pro- 
duces simultaneous  movements  of  both  eyes  in  different  directions, 
according  as  the  electrode  is  applied  to  different  parts  of  its 
surface. 

Besides  these  ocular  movements,  certain  movements  of  the  head 
and  limbs  were  likewise  produced.  In  some  experiments  in 
which  the  head  was  maintained  in  a  fixed  position,  only  move- 
ments of  the  eyes  and  also  sometimes  of  the  limbs  could  he 
observed,  but  when  the  head  was  released,  the  movements  of 
the  eyes  coincided  with  movements  of  the  head.  Along  with 
these  effects  the  i)upils  were  observed  to  become  contracted  on 
irritating  the  cerebellum.  The  ccmtraction  of  the  pupil  is  sj)ecially 
marked  on  the  eye  of  the  same  side.  The  pupil  may  remairt  con- 
tracted for  some  time  after  the  electric  current  has  been  removed. 
A'omiting  or  signs  of  sexual  excitement  have  been  observed. 

.Vside  from  these  objective  effei^ts,  there  occur  certain  conditions 
of  consciousness  or  subjective  sensations  which  have  an  important 
bearinjr  on  the  true  significance  of  the  cerebellar  movements. 
These  UKHlifications  of  consciousness  must,  however,  be  regjirded 
as  (M)iiK'ident  only  and  not  connectcnl  with  cerebellar  acti<m  as 
such.  The  subjective  phenomena  depend  not  on  the  cerebellum, 
but  on  the  cerebral  hemispheres. 

The  cerel)ellum  seems  to  be  a  complex  arrangement  of  individ- 
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ual,  diflFerentiated  centers  which  in  associated  action  regulate  the 
various  muscular  adjustments  necessary  to  maintain  equilibrium 
and  steadiness  of  the  body.  We  should  therefore  expect  to  find 
that  a  lesion  which  annihilates  the  functional  activity  of  any  of 
the  individual  cerebellar  centers  should  manifest  itself  in  a  ten- 
dency to  the  overthrow  of  the  balance  in  the  direction  naturally 
opposed  by  this  center.  This  is  in  accordance  with  the  facts  of 
experiments.  Stimulation  of  the  anterior  part  of  the  middle  lobe 
excites  muscular  combinations  which  would  counteract  a  tendency 
to  fall  forward.  Hence  destruction  of  this  part  shows  itself  in  a 
tendency  to  fall  forward.  In  this  we  see  both  the  negative  effect 
caused  by  the  removal  of  the  one  center,  and  the  positive  effects 
excited  by  the  unopposed  and  antagonistic  centers.  In  a  like 
manner  stimulation  of  the  posterior  part  of  the  middle  lobe  calls 
into  play  the  muscular  adjustments  necessary  to  counteract  a 
backward  displacement  of  the  equilibrium  ;  and  a  destruction  of 
this  region  manifests  itself  in  a  tendency  to  fall  backwards. 

The  lateral  lobes  of  the  cerebellum  contain  centers  for  complex 
adjustments  against  lateral,  combined  with  diagonal  and  rotary, 
displacements  to  the  opi)osite  side,  and  hence,  as  has  been  found  by 
experiments,  lesions  of  the  lateral  lobes  exhibit  themselves  in  dis- 
turbances of  the  equilibrium  either  laterally  to  the  side  opposite 
the  lesion  or,  as  the  resultant  of  lateral  and  rotary  displacement,  in 
rolling  over  to  the  side  of  the  lesion.  The  effects  of  a  lesion  may 
therefore  vary, — a  fact  which  may  account  for  some  of  the  dis- 
crepancies among  the  results  obtained  by  different  experimenters. 

Every  form  of  active  muscular  exertion  necessitates  the  simul- 
taneous cooperation  of  an  immense  assemblage  of  muscular  move- 
ments throughout  the  body  to  secure  steadiness  and  maintain  the 
general  e(juilibriuni ;  and  on  the  hypothesis  that  the  cerebellum  is 
the  center  of  these  unconscious  adjustments,  we  should  ex|x*ct  the 
cerebellum  to  be  developed  in  proportion  to  the  variety  and  com- 
plexity of  the  motor  activities  of  which  the  animal  is  capable. 
The  facts  of  com  punitive  anatomy  and  development  are  entirely  in 
harmony  with  this  hyj>othesis.  In  the  reptiles  and  amphibia, 
whose  niovementf?  are  groveling  and  sluggish  or  of  the  simplest 
combination,  the  cerebellum  is  of  the  most  rudimentary  character, 
while  in  mammals  it  is  richly  laminated  and  the  lateral  lobes 
highly  developed  in  proportion  to  the  motor  capabilities,  repre- 
scMited  in  the  motor  zone  of  the  cerebral  hemispheres. 

If  we  compare  tlie  relative  development  of  the  cerebellum  iu 
the  sevenil  orders  of  tlie  same  class  of  animals  we  find  it  highest 
in  tln»se  which  have  the  most  active  and  varied  motor  capacities, 
irrespective  of  the  grade  or  organization  otherwise  ;  and  the  cere- 
bellum of  the  adult  is,  relatively  to  the  cerebrum,  much  more 
highly  developed  than  that  of  the  newborn  infant,  a  relation 
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which  evidently  coincides  with  the  growth  and  development  of  the 
muscular  system. 

The  mechanism  of  cerebellar  coordination  is  essentially  inde- 
pendent of  consciousness  and  volition.  The  displacement  of 
ecjuilibrium  in  any  direction  not  only  calls  into  play  by  reflex  or 
responsive  action  the  compensatory  motor  adjustments,  but  also 
induces  conscious  or  voluntary  eflforts  of  a  similar  or  antagonistic, 
compensatory  nature.  Thus  a  tendency  to  fall  forwards,  while 
reflexly  calling  into  action  the  muscular  combinations  which  pull 
the  body  backward,  may  also  excite  consciousness  and  cause 
voluntary  effort  in  the  same  direction.  The  same  muscular  adjust- 
ments which  are  capable  of  being  effected  by  the  cerebellum  are 
also  under  the  control  of  the  will  and  may  be  carried  out  by  the 
cerebral  hemispheres  independently  of  the  cerebellum.  Hence  it 
is  that  lesions  of  the  cerebellum  do  not  cause  paralysis  of  voluntary 
motion  of  the  muscles  which  are  concerned  in  these  actions. 

The  statement  has  been  made  and  adopted  as  a  fact  in  certain 
quarters  that  lesions  of  the  cerebellum  produce  paralysis  of  mo- 
tion on  the  opposite  side  of  body.  In  these  cases,  as  has  been 
pointed  out  by  Vulpian,  the  hemiplegia  is  not  the  result  of  the 
cerebellar  lesions  as  such,  but  of  compression  or  interference  with 
the  sul)jacent  tracts  of  the  pons  and  medulla.  As  these  decussate 
in  the  medulla  oblongata  the  effects*  of  compression  by  a  tumor  of 
the  lateral  lobe  of  the  cerebellum  is  paralysis  of  the  oj)posite  side 
of  the  l)ody.  Lesions  of  the  cerebellum  which  do  not  exert  such 
an  influence  on  the  subjacent  tracts  do  not  cause  hemiplegia  on 
the  opposite  side. 

The  disturbance  of  ecpiilibrium  is  always  most  marked  i  mme- 
diately  after  the  infliction  of  injury  to  the  cerebellum.  This, 
which  has  biH»n  by  many  loijked  uiK)n  as  a  sign  of  irritation,  is  to 
be  accounted  for  by  the  sudden  derangement  of  the  self-adjusting 
mechanism  on  which  the  maintenance  of  equilibrium  mainly  de- 
l>ends.  As,  however,  the  animal  may  supplement  the  loss  of  this 
mechanism  by  conscious  efforts,  in  process  of  time  it  acquires  the 
power  of  voluntary  adaptation  and  thus  is  enabled  to  maintain  its 
ecpiilibrium,  though  perhaps  with  less  degree  of  security  thin 
before. 

The  more  extensive  the  lesions  the  greater  the  disturbance  of 
the  mechanism  and  the  greater  the  difficulty  of  effecting  through 
conscious  effort  all  the  muscular  adjustments  necessary  to  main- 
tain the  balance.  The  <listurbanct»s  of  eijuilibrium  are  therefore 
of  a  more  enduring  character  and  it  is  only  by  a  long  process  of 
training  that  volitional  accommodation  replaces  a  mechanism  es- 
sentially independent  of  consciousness.  Even  should  this  point 
be  miehed,  the  constant  attention  neec*ssary  to  preserve  steadiness 
of  movement  and  prevent  displac^ement  of  equilibrium  would  be 
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a  heavy  strain  on  the  animaPs  power ;  and  it  would  be  in  accord- 
ance with  this  condition  that  prolonged  or  varied  muscular  exer- 
tion should  cause  great  apparent  exhaustion,  actually  verified  by 
experiments  on  animals. 

The  cerebellum  was  regarded  by  many  of  the  older  writers  as 
the  seat  of  common  sensibility.  The  opinion  was  founded  chiefly 
on  the  continuity  of  the  posterior  columns  of  the  spinal  cord  with 
the  restiform  bodies.  That  these  are  mediately  related  with  the 
posterior  columns  through  the  olivary  bodies,  has  been  established 
by  the  researches  of  Meynert  and  other  anatomists,  the  relation 
being  mainly  crossed,  the  restiform  body  on  one  side  being 
related  to  the  opposite  {X)sterior  column.  The  posterior  columns 
being  regarded  as  the  path  of  common  or  tactile  sensation,  the 
axiom  that  the  cerebellum  was  a  seat  of  common  sensibility  seemed 
well  founded.  But  more  recent  investigations  into  the  sensory 
paths  of  the  spinal  cord  do  not  support  this  view  of  the  func- 
tions of  the  posterior  columns.  Brown-Sequard  has  shown  by 
direct  experiment  that  section  of  the  restiform  bodies  does  not 
cause  loss  of  tactile  sensation.  These  facts  in  conjunction  with  the 
results  of  experimental  lesions  and  diseases  of  the  cerebellum  af- 
ford overwhelming  evidence  against  the  view  that  the  cerebellum 
is  the  seat  of  common  sensation.  Neither  Flourens,  Vulpian, 
Lucieni,  Ferrier  nor  other  recent  experimenters  have  ever  ob- 
served cutaneous  anaesthesia  in  animals  deprived  of  the  cerebellum. 

Through  what  system  of  fibers,  or  pathway,  does  the  cere- 
bellum act  so  as  to  call  forth  the  muscular  adjustments  requisite 
for  equilibration  ?  If  the  restiform  bodies  be  examined  for  the 
purpose  of  ascertaining  this  point  one  finds  that  if  this  tract  be 
injured  the  most  turbulent  disorders  follow,  similar  to  injury  of 
the  semicircular  canals.  If  the  olivary  bodies  he  injured  distur- 
bances of  the  e(iuilil)rium  result,  with  rolling,  forced  movements 
and  deviation  of  the  optic  axes  similar  to  those  caused  l)y  lesions 
of  the  middle  cerel)ellar  peduncles.  These  facts  render  it  prob- 
able that  it  is  throujrh  the  medium  of  the  olivary  bodies  that  the 
impressions  conveyed  by  the  posterior  columns  of  the  cord  ascend 
to  the  cen^bellnni  tlm)ngh  the  restiform  tracts,  and  that  it  is  the 
interruption  of  these  connections  which  leads  to  disorders  of  the 
equilibrium.  The  restiform  bodies  are  also  related,  as  has  already 
bwn  described,  to  the  direct  cerebellar  tracts  derived  from  the  cells 
of  ( 'larke's  column.  It  seems  fairly  well  established  that  the  resti- 
form tracts  convey  tactile  impressions  which  excite  and  regulate 
cerebellar  coord ination. 

Relations  to  the  Labyrinth. 

The  relation  between  the  cerebellum  and  the  auditory  nerve  is 
su«>:trested  by  anatomical  considerations.    The  so-calle(l  auditory 
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nerve  ought  to  be  subdivided  into  the  vestibular  nerve  or  nerve 
of  tonus,  coordination,  and  equilibration,  and  the  cochlear  nerve  or 
ner\^e  of  hearing,  just  as  in  times  past  the  seventh  nerve  of  Willis 
became  generally  known  as  the  facial  nerve  and  the  auditory 
nerve.  The  vestibular  nerve  passes  from  the  ampullae  of  the 
semicircular  canals  partly  to  the  dorsal  auditory  nucleus,  and 
partly  to  the  cerebellum,  perhaps  directly,  by  way  of  the  direct 
sensory  cerebellar  tract  in  the  inner  division  of  the  corpus  resti- 
forme.  This  dorsal  auditory  nucleus  is  further  connected  on  the 
one  hand  with  the  superior  olive  having  connections  with  the 
posterior  quadrigeminal  bodies,  and  on  the  other  hand  wMh  the 
cerebellum.  Further  than  this  almost  nothing  is  known  of  the 
central  path  of  the  nerve.  The  cochlear  division  of  the  auditory 
nerve  seems  to  have  nothing  to  do  with  the  cerel)ellum  physiolog- 
ically, l)ecause  lesions  of  the  cerebellum  do  not  impair  the  sense 
of  lieariug  in  animals,  nor  do  diseases  of  the  cerebellum  in  man 
cause  deafness,  except  in  such  cases  as  lead  to  direct  implication 
by  means  of  pressure  or  otherwise  of  the  cochlear  division  of  the 
auditory  nerve  or  the  ventral  auditory  nucleus. 

There  is  thus  an  important  influence  exerted  by  the  semicircular 
canals  upon  the  function  of  coordination,  and  we  have  just  noted 
the  anatomical  foundation  for  this  influence  in  the  connections 
which  exist  between  the  labyrinth  and  the  cerel)ellum.  There  is 
further  a  remarkable  and  significant  similarity  between  lesions  of 
the  individual  semicircular  canals  and  injury  of  certain  regions  of 
the  cerebelhim,  and  also  between  direct  irritaticm  of  the  canals 
and  electrical  irritation  of  different  iK)rtions  of  the  cerebellar 
cortex.  Experiments  involving  the  local  irritation  of  the  laby- 
rinth in  man  have  led  to  an  hypothesis  which  assumes  that  stimu- 
lation of  the  superior  vertical  canal  causes  phenomena  similar  to 
those  produced  by  irritation  of  the  {K>sterior  cerebellar  centers  ; 
stimulation  of  the  i)osterior  vertical  canal,  phenomena  similar  to 
those  produced  by  irritation  of  the  anterior  cerebellar  centers ; 
and  stimulation  of  the  horiz(mtal  canal,  phenomena  similar  to 
those  produced  by  irritation  of  the  lateral  cerebellar  centers. 

Various  forms  of  irritation  applied  to  the  semicircular  canals 
also  bring  out  ocular  movements  and  movements  of  the  head  and 
body  exactly  like  those  produced  by  stimulation  of  various  i)or- 
tions  of  the  cerebellum.  Similarly,  if  air  or  liquids  l)e  injected 
into  the  car  of  man  where  the  membnina  tymjKini  has  bwn  nip- 
tured,  the  eyes  turn  to  right  or  left,  dei)ending  upon  the  side 
which  is  inj('ctc<l,  and  a  feeling  of  vertigo  occurs. 

Animals  deprived  of  their  cerebral  hemispheres  are  not  only 
able  to  maintain  their  equilibrium  but  are  also  capable  of  coordi- 
nated locomotion  in  their  usual  manner.  The  mechanism  of  this 
loi  omotion,  like  the  mechanism  of  equilibration,  consists  (1)  of  an 
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afferent  system  and  (2)  of  a  coordinating  center,  (3)  an  efferent  or 
motor  system  by  which  the  center  is  brought  into  relation  with 
the  muscles  of  the  trunk  and  limb. 

Locomotion  involves  a  vast  complexity  of  motor  adjustments  of 
the  head,  trunk  and  limbs,  beyond  the  simple  combinations  of  the 
muscles  of  the  limbs  which  are  coordinated  in  the  spinal  cord. 
The  center  of  gravity  is  continually  varying  with  each  movement 
of  the  limbs  ;  this  necessitates  i>eq)etual  readjustment  of  the  trunk 
and  limbs.  By  stimulation  of  the  spinal  cord  below  the  calamus 
scriptorius  the  limbs  of  rabbits,  as  shown  by  Ludwig,  may  be 
thrown  into  coordinated  and  alternating  actions,  such  as  running 
and  leaping,  but  the  spinal  centers  alone  are  unable  to  provide  for 
the  execution  of  these  movements.  These  require  the  presence 
and  activity  of  the  mesencephalic  and  cerebellar  centers.  When 
one  learns  to  execute  movements,  the  sense  of  vision  aids  in  a 
large  measure  in  directing  the  body  and  limbs  to  ciirry  out  the  end 
desired,  and  one  is  guideil  also  by  the  sensations  and  impressions 
arising  in  connection  with  muscular  action.  When  these  move- 
ments have  been  learned  neither  vision  nor  the  sense  of  muscular 
action  seems  necessary  and  the  most  complex  coordinations  can  be 
executed  with  precision  without  attention  or  consciousness.  What 
has  at  one  time  required  a  conscious  effort  becomes  an  organized 
reflex,  provided  for  in  the  mechanism  of  the  lower  centers. 

Instinctiye  or  Emotional  Expression. 

Animals  deprived  of  their  cerebral  hemispheres  are  still  capable 
of  exhibiting,  in  response  to  various  forms  of  sensory  stimulation, 
special  and  general  reactions,  more  or  less  complex,  wliieh  do  not 
at  all  differ  in  character  from  those  which  are  associated  with 
emotion  or  feeling. 

The  outward  expression  of  feeling  does  not  necessarily  imply 
the  existence  of  pain  or  feeling  as  a  state  of  consciousness.  As  all 
the  physical  manifestations  of  feeling  are  capable  of  being  called 
forth  in  animals  deprived  of  their  eerel)ral  hemispheres,  which 
alone  are  the  substrata  of  consciousness,  we  nnist  regard  them  as 
merely  the  reflex  or  instinctive  response  of  cent<Ts  in  which  sen- 
sory impressions  excite  variously  the  motor,  vaso-niotor,  and  secre- 
tory apparatus.  The  phenomena  observed  in  animals  deprivcM.1 
of  their  cerebral  hemispheres  are  in  all  respects  analogous  to  those 
observed  in  human  beings  under  the  influence  of  chloroform  which, 
as  j)roved  by  actual  experiment,  first  annihilates  the  exeit^ibility 
of  the  hemispheres,  a  condition  coinciding  with  abolition  of  con- 
sciousness,— but  the  mesencephalic  and  lower  centers  retain  their 
excitability  long  after  this  point  has  Ix^en  reached.  Hence  with 
impressions  which  under  normal  conditions  would  excite  not  only 
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pain  but  also  accompanying  groans,  cries,  or  other  physical  mani- 
festations, when  the  cerebral  hemispheres  have  been  removed  the 
physical  manifestations  alone  occur,  and  conscious  suffering  is 
absent. 

The  centers  of  emotional  expressions  are  therefore  situated  be- 
low the  centers  of  conscious  activity  and  ideation,  and  must  neces- 
sarily be  in  relation  with  every  form  of  centripetal  and  centrifugal 
impulse  through  which  signs  of  feeling  may  be  induced  or  mani- 
fested. These  conditions  are  not  furnished  below  the  mesen- 
cephalic centers.  With  these,  however,  as  the  exi)eriments  of 
Vulpian  and  others  have  shown,  every  form  of  reaction,  excepting 
perhaps  the  reactions  special  to  the  olfactory  nerve,  may  be  elicited 
in  res[)onse  to  appropriate  peripheral  stimulation,  in  all  respects 
like  those  shown  by  unmutilated  animals. 

But,  although  the  facts  above  related  prove  that  in  the  absence 
of  the  cerebral  hemispheres,  acts  of  extraordinary  complexity, — 
ecjuilibration,  coordinated  locomotion,  adaptive  reactions  and  signs 
of  feeling  in  response  to  sensory  stimulation, — are  capable  of  being 
carried  out,  it  is  a  problem  of  surpassing  difficulty  to  analyze  the 
mechanism  of  the  various  manifestations  and  si)ecialize  the  centers 
in  which  they  are  individually  lo<^alize<l. 

2.  EQUILIBRATION :  THE  MAINTENANCE  OF  EQUILIBRIUM. 

An  animal  deprived  of  its  cerebral  hemispheres  is  capable,  not 
only  of  maintaining  its  equilibrium,  if  undisturl)ed,  but  of  regain- 
ing it  when  overthrown.  Considerable  complexity  and  diversity 
of  muscular  movements  all  adapted  for  the  purix)se,  are  called  into 
play  according  to  the  conditions  under  which  the  animal  may  be 
placed. 

The  maintenance  of  equilibrium  involves  the  conjoint  operation 
of  three  separate  factoids:  (1)  A  system  of  afferent  nerves  and 
org-ans.    (2)  A  coordinating  center.  Efferent  tracts  in  con- 

nection with  the  muscular  apparatus  concerned  in  the  action. 
The  faculty  of  equilibration  is  overthrown  by  lesions  of  the  affer- 
ent ap|Kinitus  alone  or  by  lesions  of  encephalic  center  alone,  or  by 
lesions  of  the  efferent  tract  alone  or  by  conjoint  lesions  of  all. 
\"arious  degrees  and  forms  of  disturbance  of  this  function  will  re- 
sult, according  to  the  nature,  extent  and  jKJsition  of  the  lesion.  In 
many  respec^ts  the  maintenance  of  the  equilibrium  resembles  the 
tone  of  the  muscles.  lesions  of  the  afferent  nerves,  central  gan- 
glia or  motor  nerves  <lestroy  the  tone  of  muscles,  and  acxwding 
as  this  occurs  in  both  or  only  in  one  groirp  of  antagonistic  mus- 
cles wc  have  complete  muscular  flaccidity,  flexion,  or  lateral  dis- 
tortion. S»  in  regard  to  t^quilibrium,  similar  lesions  may  cause 
coniplcte  overthrow,  or  various  forms  of  distorti<m  exhibitcnl  as 
reeling,  staggering,  rotation,  etc. 
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of  \H*\u\t,  t'%*'\U't\  \ty  \ui\}Ti*nnutm  on  the  peripheral  extremities  of 
iiWt'ti'Ui  fM'rv<'M  tlifiii  liy  j^fifniili  2i|iplied  to  any  other  part  of  their 
I'oiirM',  A  »«im!lnr  rertiilf  en^iH'H  in  man,  Jis  has  been  shown  by 
n^yd  wIm'Ii  tiM'  Hoh'rtof  tin?  fe(?t  are  rendered  in.^nsiblc  bychlon>- 
form  or  n'frij(<Tiilion,  Tlie  itidi vidua!  experiences  great  diffi- 
I'ldlv  in  niiiintninin^  «H|iiilil)rinm  when  the  eyes  are  .shut,  and  he 
o«rlllnli'«  and  mwiivm  in  a  very  pronounced  manner.  In  loco- 
ninlnr  iiliixin,  on*'  of  the  (^liaractcriHtic  Hynjj)toms  in  addition 
Io  I  III*  IniMiiMotnr  in<*(M"»rdinati<»n,  in  the  difficulty,  or  absolute  im- 
|M»HMil»ilil V,  111'  iiiiiintiiinin^  thr  ('(|uilil)riuni  when  the  eyes  are 
«lnil.  W  lii'M  ihr  inilividuni  I ries  to  stand  with  his  feet  to<rether  and 
hia  I  yi'M  MhnI,  hr  nH'lllMlrs  greatly  or  actually  falls  if  unsuj)ported, 
iMiil  il  i  »  ililVn  nh  nr  nllo^rthrr  inipossihie  for  him  to  stand  or  walk 
in  th<»  ilnrk  ihnii^h  ihr  eyes  are  open.  In  this  disease  there  is 
(hntinnlion  nr  nlnHrnrr  of  sensihilily  to  tactile  impressions,  so  that 
(he  pMlicnl  I'ci  U  il'  ^oniethini;  soft  wen^  interposed  between  his 
Icrl  imhI  the  iMnnnd.  or  hi*  do(»>  not  leel  the  ground  at  all.  The 
injpsurnhMil  or  nholiiiou  of  tactile  seu>il)ility  is  capable  of  being 
compcn^Mtcil  Tor.  \\\\  (i»  a  certain  point,  at  least,  by  visual  and 
other  t'orce^.  \\\\\  w  hi'U  the  c\e>  an*  shut,  the  liirht  withdrawiu 
cipniilnnnn  hccomt*'-  ditVicult  or  impossihle.  Kven  in  muMnal  in- 
d»\hhial-  the  visual  .Mids  the  tactile  power.     If  a  |H^rtectly 

no\h\;»l  prison  •»tMnd»»  with  his  iW^t  <*losc  loix^^thcr  and  the  eyes  olostd 
he  pevxsw  ev  h\o\>^  or  Ic*^  ovcillatiou.  i 'on<ciou>nos>  i>  not  a  ueivs- 
hju  \  ^  o\\»hnoj^  tor  pert'eet  tHpnlihrinm.  It",  however.  tHpulibniti«*n 
xlx  \:n\v:\d  ;he  v>Mulitiou  is  made  kutnxn  to  the  iNMisoiou^ni'SS  in 
a  |vu\\tn{  n\;o,u\er  in  the  torn\  ot'xortio^  or  ^Mi^e  of  iuMVurity, 
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2.  The  Influence  of  Visual  Impressions. — Equilibration  and 
motor  coordination  may  be  acquired  in  the  first  instance  and  ex- 
ercised without  the  aid  of  the  eyes,  as  exemplified  in  those  bom 
blind.  But  in  general,  the  motor  adjustments  used  in  regulating 
equilibrium  are  guided  by  the  sense  of  sight.  The  child  who 
learns  to  walk  keeps  his  eyes  continually  on  his  limbs  and  the  sur- 
rounding objects,  and  sees  that  his  movements  are  made  in  accord- 
ance with  the  end  desired. 

When  the  movements  become  organized  and  automatic  by  fre- 
quent repetition  the  guidance  of  the  eyes  ceases  to  be  so  necessary 
and  the  impressions,  conditioned  by  the  movements  themselves, 
are  sufficient  to  insure  the  requisite  simultaneous  and  successive 
motor  adjustments.  But,  even  then,  visual  impressions,  though 
not  closely  affecting  consciousness,  are  not  inoperative,  as  is 
proved  by  the  uncertain  and  wavering  character  of  motor  adjust- 
ments, even  of  the  most  habitual  or  automatic  character,  when  the 
eyes  are  shut  or  the  light  withdrawn.  When  there  is  defect  or 
total  default  of  tactile  sensibility,  equilibration  is  impossible,  ex- 
cept with  the  aid  of  vision.  The  sense  of  sight  may  compensate 
for  a  total  absence  of  tactile  (including  muscular)  sensibility,  and 
an  individual  who  has  no  sensibility  in  his  lower  extremities,  and 
who  falls  like  a  log  when  he  shuts  his  eyes,  may  stand  or  walk  if 
he  looks  at  his  feet.  This,  however,  always  implies  strained  ef- 
fort and  speedily  induces  fatigue. 

It  would  seem  that  the  act  of  keeping  the  eyes  open  is  of  itself 
an  aid  to  equilibration,  though  the  eyes  are  useless  as  organs  of 
vision.  It  has  been  observed  that  patients  suffering  from  loco- 
motor ataxia  who  were  previously  entirely  blind,  and  able  to  stand 
with  their  eyes  open,  oscillate  much  more  when  they  are  shut. 
This  is  probably  due  to  the  interniption  of  the  act  of  fixed  atten- 
tion, of  which  the  steady  gaze,  even  with  sightless  orbs,  is  the 
physical  expression. 

The  influence  of  vision  on  equilibration  is  further  shown  in  the 
disturbances  created  by  unusual  movements  in  the  field  of  vision, 
either  by  movements  of  the  objects  themselves,  or  induced  by 
lUults  in  the  oculo-motor  apparatus.  We  associate  position  in 
space,  not  only  with  certain  tactile  sensations,  but  with  a  certain 
definite  relation  to  surrounding  objects.  When  the  whole  field  of 
vision  is  in  motion,  or  the  positions  of  familiar  objects  are  dis- 
torted by  obli(juity  of  the  optic  axis,  there  is  a  disturbance  of  the 
customary  relations  between  the  visual  and  tactile  sensations  and 
a  distressing  sense  of  insecurity  results — the  individiud  not  being 
able  to  discriminate  clearly  whether  he  himself  or  the  objwts 
around  him  are  in  motion  or  displaced.  The  difficulty  of  equilibra- 
tion under  such  eireumstances  gives  rise  to  the  sense  of  vertigo, 
which  is  merely  the  subjective  side  of  the  physiological  disturb- 
37 
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ance.  Oscillation  of  the  eyeballs  or  nystagmus,  or  the  occurrence 
of  paralysis  in  one  of  the  ocular  muscles,  such  as  the  external 
rectus,  is  a  familiar  cause  of  the  vertigo  which  is  caused  by  a  lack 
of  harmony  between  the  visual  and  tactile  experiences  and  asso- 
ciations of  our  relations  to  surrounding  objects.  It  has  been  found 
by  Cyon  that  pigeons  are  similarly  affected  by  distortion  of  the  op- 
tic axis.  On  placing  prisms  before  their  eyes  he  observed  marked 
disorder  of  ef^uilibrium  amounting,  in  some  cases,  to  actual  falling 
down. 

3.  The  Influence  of  Labyrinthine  Impressions. — The  im- 
pressions which  are  generated  in  the  semicircular  canals  of  the 
internal  ear  form  the  most  important  factor  in  the  aflerent  ap- 
paratus of  the  mechanism  of  equilibration  and  more  clearly  indi- 
cate the  essentially  reflex  nature  of  the  mechanism. 

When  the  membranous  canals  are  injured  very  remarkable  dis- 
turbances of  equilibrium  ensue  which  varj'  as  Flourens  first 
pointed  out  with  the  seat  of  lesion.  According  to  the  observa- 
tions of  Flourens  and  Cyon  on  pigeons,  when  the  horizontal  canal 
is  divided  on  the  side,  the  head  is  thrown  into  a  series  of  oscilla- 
tions in  a  horizontal  plane  around  the  vertical  axis.  When  the 
posterior  vertical  canals  are  divided  the  disturbance  of  equilibra- 
tion is  of  a  similar  character,  but  more  violent.  In  this  case  the 
movements  of  the  head  are  in  a  vertical  plane  around  a  horizontal 
axis.  Section  of  the  posterior  vertical  canals  causes  movements 
of  the  head  from  behind  forward  and  from  right  to  left,  or  vice 
verm.  There  is  profound  disturbance  of  equilibration  and  the 
animal  tends  continually  to  turn  somersaults  heels  over  head. 
The  plane  of  the  movements  of  the  head  in  this  case  is  diagonally 
around  a  liorizontal  axis.  Thus,  analysis  of  the  movements  con- 
se(iuent  on  section  of  the  respective  eauals,  shows  that  they  take 
place  in  the  plane  of  the  canals  operated  on. 

It  has  been  observed  that  the  disturbances  of  equilibrium  after 
section  of  one  or  more  of  the  canals  on  one  or  both  sides  are  of 
comparatively  short  duration.  AVhen  the  whole  of  the  semi- 
circular canals  on  one  side  are  destroyed  the  disturbances  of 
e<iuilil)riuni  are  also  transitory.  AVhen  all  the  canals  are  de- 
stroyed on  both  sides  the  disturbances  of  e<|uilibration  are  of  the 
most  pronounced  character,  (ioltz  describes  a  pigeon  so  tmited, 
which  always  k<'j)t  its  head  with  the  occiput  touc-hing  the  breast, 
the  vertex  directed  downwards  with  the  ri<rht  eye  looking  to  the 
left,  and  the  left  looking  to  the  right,  the  head  being  almost  in- 
cessantly swung  in  this  ]M)sition  in  a  pendulum-like  manner. 
Cyon  says  it  is  impossible  to  give  an  idea  of  tlu*  ])erj)etual  move- 
ments to  which  the  animal  is  subject.  It  can  neither  stand,  nor 
lie  still,  nor  Hy,  nor  maintain  any  fixed  attitude.  It  executes 
violent  somersaults,  now   forward,  now  backward,  rolls  round 
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and  round,  or  springs  in  the  air  and  falls  back  to  recommence 
anew.  It  is  necessary  to  envelop  the  animals  in  some  soft  cover- 
ing to  prevent  their  dashing  themselves  to  pieces  by  the  violence 
of  their  movements,  and  even  this  is  not  always  successful. 
The  extreme  agitation  is  manifest  only  during  the  first  few 
days  following  the  operation,  and  the  animal  may  then  be  set  free 
without  danger,  but  is  still  unable  to  stand  or  walk,  and  tumul- 
tuous movements  come  on  from  the  slightest  disturbances. 

In  what  manner  do  injuries  of  the  semicircular  canals  cause 
disorders  of  the  equilibration  ?  The  first  supposition  which  sug- 
gests itself  is  that  these  disorders  arc  related  to  the  disturbance  of 
the  sense  of  hearing.  It  has,  however,  been  abundantly  proven 
that  this  is  not  the  case. 

The  phenomena  observed  in  connection  with  lesion  of  the  semi- 
circular canals  clearly  point  to  these  organs  as  the  source  of  impres- 
sion which  are  necessary  for  the  maintenance  of  the  equilibrium 
and  without  which  optic  and  tactile  impressions  alone  barely  suf- 
fice even  after  prolonged  education. 

4.  Symptoms  of  Cerebellar  Disease. — The  most  characteristic  symp- 
tom of  cerebellar  disease  in  man,  apart  from  indirect  complications,  is 
an  uncertain  or  reeling  gait,  like  that  of  alcoholic  intoxication.  But 
this  symptom,  though  general  and  pathognomonic,  has  not  always  been 
observed  in  cases  in  which  it  has  been  proved  by  post-mortem  examina- 
tion that  disease  of  considerable  extent  has  existed  in  the  cerebellum 
during  life.  Unless  the  disease  has  been  of  a  sudden  character,  none 
of  the  violent  and  tumultuous  disorders  which  characterize  the  abrupt 
lesigns  of  j>hy8iological  experiments  have  been  met  with,  and  this  is 
a  fact  which  the  gradual  subsidence  of  the  symi)toms  in  the  lower  ani- 
mals would  lea<l  us  to  expect.  It  is. also  true  that  limited  lesions  can 
run  tlieir  course  without  manifest  symptoms,  particularly  when  the 
lesion  involves  a  lobe  or  part  of  it.  But  when  the  whole  cerebellum 
has  been  involved,  or  has  been  greatly  or  completely  atrophied,  careful 
observation  has  never  failed  to  discover  a  greater  or  less  degree  of 
awkwardness  of  movements  and  instability  of  equilibrium. 

Many  of  the  cases  of  atrophy  of  the  cerebellum  on  record  have  been 
found  in  imbeciles,  but  it  is  clear  from  other  evidences  that  the  imbe- 
cility or  impaired  intelligence  is  only  a  symptom  of  cerebral  defect  coin- 
cident with  that  which  has  led  to  the  cerebellar  symptom.  The  most 
remarkable  case  is  that  of  Alexandrine  Labrosse,  reported  by  C'orbette. 
This  girl  lived  to  the  age  of  eleven  years,  and  it  was  found  after  death 
that  the  cerebellum  was  entirely  atrophied,  its  place  being  occupied 
by  a  cyst  containing  serum.  Physically  she  was  well  developed  for  her 
age,  but  she  was  five  years  of  age  before  she  was  able  to  stand,  and  at 
the  age  of  seven  she  was  very  insecure  on  her  legs  and  often  fell.  Her 
intelligence  was  defective  and  her  articulation  indistinct,  but  all  her 
sensory  faculties  were  normal. 

An  iilniost  eiiually  remarkable  brain  was  examined  by  Ferrier.  It 
wa«<  that  of  a  girl  who  died  of  phthLsis  at  the  age  of  fifteen.  Nothing 
was  ascertained  respecting  her  early  life.  She  was  somewhat  weak  in 
intellect,  but  not  to  any  great  extent,  and  had  the  narrow  palate  of  the 
imbecile.    Owing  to  this  her  articulation  was  somewhat  indistinct.  No 


580 


THE  PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM. 


deficiffncy  cxiflted  as  regards  her  sensory  faculties,  general  or  special, 
and  the  only  peculiarity  observable  in  her  motor  i>owers  was  a  general 
muscular  weakness  and  a  tremor  of  the  hands  when  she  was  using 
them,  but  this  was  attributed  to  the  debility  associated  with  hei 
phthisi(!al  condition,  and  she  could  walk  well  and  steadily,  though  she 
was  never  known  to  run. 

After  death  no  abnormality  could  be  detected  in  the  cerebrum,  which 
was  well  developed,  but  the  cerebellum  was  very  illy  developed  ;  in 
fact,  it  was  arrested  at  a  very  early  stage.  The  left  lobe  was  a  mere 
pa])illa,  the  vermiform  j>roce.ss  a  minute  nodule,  obscurely  marked  with 
lamina;,  while  the  right  lobe,  which  contributed  the  main  portion,  was 
only  a  half  of  a  square  inch  in  superficial  area  and  only  a  quarter  of  an 
inch  in  thickness  at  its  base.  The  pons  was  indicated  by  only  a  few 
transverse  fibers,  which  barely  concealed  the  pyramidal  tracts  in  their 
course  from  the  foot  of  the  cerebral  peduncles.  The  corpora  quadri- 
gcmina  had  a  normal  size  and  appearance  ;  the  olivarj-  bodies  of  the 
medulla  oblongata  were  only  obscurely  indicated.  With  the  exception 
of  the  cerebellum  and  the  peduncles,  which  were  reduced  to  insig- 
nificant dimensions,  the  rest  of  the  brain  and  all  the  cranial  ner\-es 
were  perfectly  normal  in  appearance. 

It  is  evident  from  examination  of  repeated  cases  that,  though  cere- 
bellar disease  in  man  is  frequently  associated  with  symi)toms  similar  to 
those  which  result  from  experimental  lesions  in  the  lower  animals,  yet 
the  organ  may  be  almost  entirely  degenerated  without  any  more  obvi- 
ous symi)toms  than  a  greater  or  less  degree  of  unsteadiness  of  move- 
ment or  instability  of  equilibrium.  If  the  cerebellum  were  absolutely 
necessary  for  the  coordination  of  movements  it  would  be  impossible  to 
harmonize  the  actual  facts  of  (Uinical  observations  with  a  hypothesis  so 
formulated.  For,  in  the  case  of  Alexandrine  Labrosse,  it  would  have 
been  imi)()ssible  fbr  her  to  walk  at  all  if  the  coordinated  movements 
were  dependent  on  the  cerebellum  as  the  organ  of  equilibration.  If 
however,  we  regard  the  cerebellum  as  an  organ  of  equilibration,  it  will 
be  possible  to  bring  all  the  symptoms,  acute  and  chronic,  into  harmony 
with  this  hypothesis. 

IK  VISION,  COORDINATION  OF  EQUILIBRATION 
MOVEMENTS. 

THE  PHYSIOLOGY  OF  THE  CORPORA  QUADRIQEMINA*  OR 
MESENCEPHALON. 

The  lihroiis  coiuiections  of  the  two  anterior  (|uadngemiua  are  as 
lollows  : 

( 1 )  With  th(^  cortex  of  the  occipital  loho  of  the  same  side  through 
anterior  arms  of  the  ct>rpora  (|uadri<remina.  (ii)  With  the  |k>s- 
terior  and  lateral  tracts  ot'  the  spinal  cord,  (iii)  With  the  optic 
tract,  ihrouii'h  tlu'  anterior  arms  of  the  corpora  (piadrigomina. 

M>t'  iho  mrMMUvph:il«>u  tlu'  corpora  quatiriiroinina  nprt^fiit  only  the  roof. 
Tlu'  optic  tnicis  torm  a  promiiunt  tVaturo  of  tlie  walU  «>t'  ilu-  mid-brain.  Theha><; 
«»r  ilu'  mid-brain  ini'ludc>  prominent  **  mass.>^  ot  tilu'r*  wliioli  arise  in  the  fore- 
brain  and  inter-briin  and  lravers<»  tlio  middirain  nn  tlu-ir  way  t«»  parts  l>eyond" 
\  Kdinucr  .  li  i-i  from  nuclei  in  the  base  of  the  mid-brain  lliai  tiie  «H*nU>-motoriiij: 
:uul  tuvhioaris  ari>e. 
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The  fibrous  connections  with  the  posterior  quadrigemina  are  the 
following  :  (i)  With  the  cortex  of  the  temporal  lobe  of  the  same 
side  through  the  posterior  arms  of  the  corpora  quadrigemina.  (ii) 
With  the  tegmentum  through  the  lemniscus  lateralis,  which  de- 
livers to  the  posterior  corpora  quadrigemina  acoustic  fibers,  prob- 
ably also  fibers  from  the  posterior  tract  of  the  spinal  cord,  (in) 
With  the  inferior  commissure  of  the  optic  tract  through  the  poste- 
rior arms  of  the  corpora  quadrigemina. 

The  optic  lobes  or  corpora  bigemina  of  fishes,  batrachians  and 
birds  are  structurally  homologous  with  the  anterior  corpora  quad- 
rigemina of  mammals. 


Fig.  289. 


PhiKram  of  tht-  probabic  rt'lutioiiM  <tf  rntme  of  tho  norvtM^olN  and  TiIhth  bfloDKioK  to  the  reti* 
nal  tind  central  viHual  apparatun.    (S<  iiakfkrj 

The  obvifuis  anatomical  connection  between  the  optic  tracts  and 
ihv  anterior  (luadrigeminal  tubercles  of  mammals  is  sufficient  to 
indicate  that  these  centers  have  some  imi>ortant  relations  to  ret- 
inal impressions.    (Study  Fig.  289.) 
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The  facts  of  anatomy  as  well  as  those  of  physiological  and 
pathological  experiments  indicate  that  the  corpora  qiiadrigemina, 
though  not  the  centers  of  vision  proper,  are  centers  of  co5rdination 
between  retinal  impressions  and  motor  reactions  or  adjustments  of 
considerable  complexity.  It  is  difficult,  if  at  all  possible,  to  dif- 
ferentiate clearly  between  the  effects  of  lesions  of  the  corpora 
quadrigemina  and  of  those  tracts  with  which  they  are  related.  In 
this  connection  a  study  of  Fig.  290  may  be  suggestive. 


Fkj.  290. 


Showing  thf  iiiinutf  structure  <»f  the  mid-brain-roof.  Two  sections  are  placeil  side  by  side 
for  comparison  of  tlie  layers.  The  ri^ht-hand  .s«'ction  is  from  a  fn»s  ;  the  left-hand  one  from  a 
li/ard.  Various  connet  tions  may  Ik?  traced  between  the  ojitie  tnut  and  the  stratum  meduUare 
profundum.  When  one  n'mentbrr"  that  the  //•.  tt-rftp-^yn'mi/fx  rt  tfctft-huthort-.t  are  traced  into  the 
stratum  medullare  profundum  wt-  .see  a  V»asis  fur  Ldingcr's  suggestion  tliat  **  through  this 
structure  there  arises  an  extraordinarily  grrat  opportunity  for  the  transmission  of  light 
imj»res>i<»n.s  to  the  general  sensory  tract."    i^KDlXiiKK,  V.  edit.,  p.  IIG. ; 

When  tho  hcniispluTcs  are  removed  the  pupils  will  contract  to 
]i<rlit  and  tlio  eyes  are  moved  in  response  to  retinal  impressions 
aiul  in  aeeordanee  with  variations  in  the  position  of  head  and 
body. 

The  movements  of  the  iris  and  eye-muscles  are  j)resided  over 
by  tlie  nuclei  of  tlie  tliird  and  fourth  nerves  situated  in  the  ven- 
tral aspeet  of  the  a(jueduet  of  Sylvius.  After  removal  of  the  (*ere- 
bral  liemi.<pheres  in  dogs,  it  has  been  found  that  the  application 
of  eleetrieal  stiuuilation  to  tlie  Hoor  of  the  aqueduct  of  Sylvius 
and  posterior  part  of  the  third  ventricle  gives  rise  to  different 
ocular  moveuieuts,  according  to  the  position  of  the  electrodes. 

Flourens  found  that  destruction  of  the  optic  lobes  in  birds 
cau.>^ed  blindness  and  dilatation  of  the  ])upils  with  cessation  of  their 
reactions  to  light  ;  and  lie  also  foimd  that  the  relations  of  the  oj>- 
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tic  lobes  were  entirely  crossed,  e.  destruction  of  the  left  lobe 
causing  total  loss  of  vision  in  the  right  eye  and  destruction  of  the 
right  lobe  causing  total  loss  of  vision  in  the  left  eye.  The  cross 
relations  between  the  eyes  and  optic  lobes  have  their  foundation 
in  the  decussation  of  the  optic  tracts  in  the  optic  chiasma,  but 
the  extent  of  the  decussation  varies  in  different  animals.  De- 
structive lesions  of  one  optic  tract  in  man  causes  homonomous 
hemianopsia  of  both  eyes.  Experiments  have  shown  that  after 
enucleation  of  one  eye  in  cats  and  dogs,  partial  atrophy  occurs 
in  both  optic  tracts,  but  to  a  much  greater  extent  in  the  tract  of 
the  opposite  side. 

It  has  been  observed  that  lesions  of  the  corpora  quadrigemina 
in  various  animals  give  rise  to  marked  disturbances  of  equili- 
brium and  irregularity  of  movement.  While  able  to  make  coor- 
dinated movements  of  defense  and  the  like,  they  had  entirely 
lost  the  power  smoothly  to  coordinate  equilibration  movements. 
That  this  coordination  of  equilibrium  is  not  due  merely  to  the 
blindness  resulting  from  the  destruction  of  the  optic  lobes  is 
shown  by  the  fact  that  a  frog  deprived  of  its  cerebral  hemispheres 
and  also  of  its  eyes,  is  still  able  to  maintain  its  equilibrium  as 
before.  If  the  optic  lobes  alone  are  destroyed,  exact*  equilibra- 
tion is  impossible,  even  though  all  the  other  encephalic  centers  are 
retained. 

Efifects  of  Irritation. — ^The  excitability  and  effects  of  irrita- 
tion of  the  corpora  quadrigemina  or  optic  lobes,  by  various  stim- 
uli, have  been  differently  stated  by  different  observers.  Ferrier 
maintains  that  mechanical  irritation  of  the  surface  of  these  bodies  is 
capable  of  inducing  distinct  indication  of  excitability.  The  act  of 
merely  touching  these  ganglia  with  a  sjwnge  is  sufficient  to  cause 
general  and  more  or  less  indefinite  movements  of  the  trunk  and 
limbs.  The  slightest  superficial  puncture  of  the  corpora  quadri- 
gemina in  rabbits  causes  them  to  start  suddenly  and  bound  away  as 
if  in  great  agitation  and  alarm.  These  symptoms  speedily  subside 
and  it  is  almost  impossible  to  discover  any  signs  of  anatomical  lesion 
from  the  slight  puncture  which  is  sufficient  to  give  rise  to  these 
manifestations.  Much,  however,  depends  on  the  vital  condition 
of  these  ganglia  at  the  time  of  exj>eriment.  When  they  are  ex- 
hausted by  shock  or  hemorrhage  or  paralyzed  by  narcotics  excita- 
tion may  have  little  or  no  jK^rceptible  effects.  The  optic  lobes 
have  been  found  extremely  sensitive  to  electrical  currents. 

The  explanation  of  the  effects  of  irritation  of  the  corpora  (juad- 
rigeniina  and  of  the  relation  between  these  and  the  effects  of  de- 
structive lesions,  is  a  matter  of  speculation  only.  Though  elec- 
trical stimulation  is  not  strictly  localizable,  and  there  is  always  a 
risk  of  diffusion,  it  has  been  shown  that  mere  mechanical  irrita- 
tion of  the  surface  of  the  corpora  quadrigemina  is  sufficient  to 
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prrxluce  motor  manifestations,  in  which  case  obviously  conduction 
to  stibjar^fnt  or  neighboring  tracts  can  play  no  part.  The  strength 
of  current  sufficient  to  pro<luce  active  manifestations  when  ap- 
plied if}  the  surface  of  the  corpora  quadrigemina  is  very  weak 
and  barely  perceptible  when  applied  to  the  tip  of  the  tongue  ; 
HO  that  the  risk  of  diffusion  is  very  slight,  and  it  is  a  fact  which 
cannot  Ix;  explained  away  by  mere  diffusion  to  subjacent  struc- 
tures. Irritation  of  the  posterior  tubercles  differs  from  that  of  the 
anterior  in  at  least  one  important  particular,  viz.:  the  excitation 
of  chics  of  various  kinds.  These  are  not  observed  on  irritation 
of  the  anterior  tul)ercles.  If  it  were  merely  a  matter  of  diffusion 
U)  subjacent  tracts,  the  same  results  should  occur  in  both  cases. 
Then  again  there  is  an  anatomical  difference  between  the  anterior 
and  posterior  (|uadrigemina  which  supports  the  view  that  the  phe- 
nomena are  due  to  the  direct  excitation  of  these  ganglia  as  such. 
The  surface  of  the  anterior  (|uadrigeminal  bodies  is  composed  of 
zonal  fibers,  suiKjrficial  gray  matter  and  medullary  fibers  which 
are  directly  related  to  the  optic  tracts,  structures,  however,  are 
not  found  in  the  posterior  bodies. 

Ilumiui  pathological  and  clinical  observation  teaches  that  the 
constant  symptoms  accompanying  disease  of  the  corpora  quadri- 
gemina are :  stumbling  gait,  disorders  of  vision,  and  sometimes 
disturbances  of  hearing. 

E.  THE  PHYSIOLOGY  OF  THE  INTER-BRAIN  OR 
THALAMENOEPHALON. 

Almost  nothing  is  known  of  the  physiology  of  the  inter-brain. 
C'Crtain  features  of  its  structure  are  suggestive,  however,  of  func- 
tions which  it  may  some  time  be  demonstrated  to  possess. 

[(t)  As  A  Rklav  Station  the  inter-brain  seems  to  serve  its 
principal  function.  "The  nuclei  of  tlie  inter-brain  receive  fibers 
fn>in  tlie  basal  ^aii^Ha  of  the  fore-brain  and  give  off  posteriorly 
new  tracts  to  centers  which  lie  at  a  lower  level.  *  *  *  AVe  see 
in  the  thalanieneephalon  a  great  center  which  is  inserted  between 
an  important  ])art  of  the  cerebrum  and  nearly  all  other  parts  of 
tlHM)rain  "  (KdinjriM-,  Edit.,  p.  l.'M).  That  the  development 
of  this  sepnent  of  the  brain  is  largely  (lei>en(lent  upon  that  of  the 
crn^brnni  is  i^vident  from  the  fact  that  irlfh  the  (Jrrclojfmrnf  of  an 
f'jit'mhd  rcrdu'ft/  rorf(\r  iiutre  (tinl  more  hinnl/cs  (fppcfw  which  yx7,*c< 
Jnni}  it  inf<i  the  (/nnf/Zia  oj  (he  th(f/a}tu(:<'''  (Edinirer,  }).  l.'M). 

[h]  As  A  Sknsouv  Ckntki:  the  inter-brain  nnist  he  given  some 
credit .  Fiir.  -St^  shows  the  lateral  geniculate  body,  a  part  of  the 
thalanuis,  as  a  way  station  between  the  retina  and  the  cerebnil 
cortt^x  of  thf^  visnal  center  in  the  occipital  lobe.  In  a  similar 
way  the  internal  ircnieulate  body  is  a  way  station  on  the  path  of 
auditorv  sensiition. 
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F.  THE  PHYSIOLOGY  OF  THE  OEBEBBUM  OB 
PBOSENOEPHALON. 

1.  INTRODUOTORY. 

a.  The  Vascular  Supply  of  the  Brain. 

1.  The  Arteries  of  the  Brain. — Our  knowledge  of  the  vascular  sup- 
ply of  the  brain  has  been  rendered  more  accurate  owing  to  the  indepen- 
dent labors  of  Huebner  and  Duret.  The  entire  arterial  supply  of  the 
brain  has  been  divided  into  tw^o  systems,  viz :  a  basal  and  a  cortical 
arterial  system.  Here  w^e  shall  have  to  deal  more  particularly  with  the 
latter.  For  the  full  description  of  the  source  and  arrangement  of  the 
basal  system  the  student  is  referred  to  his  anatomical  text-books. 

(a)  The  Distribution  of  the  Cerebral  Arteries. — From  the  basal 
arterial  system  as  represented  by  the  circle  of  Willis,  numerous  small 
branches  pass  off  nearly  at  right  angles  and  enter  the  ganglia  near  the 
base  of  the  brain  ;  these  are  called  terminal  or  end-arteries  because 
they  do  not  anastomose  with  one  another  nor  do  they  anastomose  with 
the  vessels  of  the  cortical  arterial  system.  The  anterior  cerebral  and 
the  middle  cerebral  are  the  main  arteries  of  the  fore-brain.  The  former 
supplies  the  superior  frontal  and  anterior  two-thirds  of  the  middle 
frontal  convolution  and  the  upper  extremity  of  the  ascending  frontal. 
Its  branches  are  distributed  to  the  upper  half  of  the  median  surface 
of  the  cerebral  hemisphere  from  the  frontal  apex  to  the  sulcus  occipi- 
talis, and  on  the  lateral  surface  to  the  superior  half  of  the  frontal  and 
parietal  lobes. 

The  middle  cerebral  artery  supplies  the  lower  half  of  the  frontal  and 
parietal  lobes,  and  the  upper  two-thirds  of  the  temporal  and  occipital 
lobes  on  the  lateral  surface  of  the  hemisphere,  while  on  the  median  sur- 
face it  supplies  a  small  area,  including  the  hippocampal  region  and  the 
apex  of  the  temporal  lobe.  It  supplies  the  corpus  striatum  and  the 
caudate  and  lenticular  nuclei. 

The  j)ostorior  cerebral  artery  is  distributed  to  the  posterior  two-thirds 
of  the  basal  aspect  of  the  brain,  extending  up  laterally  to  include  the 
lower  third  of  the  temporal  and  occipital  lobes,  and  on  the  median  sur- 
face, the  inferior  one- fourth. 

From  the  distribution  of  the  anterior,  middle  and  posterior  cerebral 
arteries  we  see  that  they  determine  the  blood  supply  to  certain  regions. 
Each  main  artery  gives  off  secondary  and  tertiary  branches.  These 
tertiary  branches  in  their  turn  give  off  numerous  fine  arterioles,  which, 
according  to  Duret,  do  not  anastomose  with  one  another,  although 
a  communication  may  take  place  to  a  certain  extent  between  the 
branches  of  contiguous  areas.  Opinions  differ  considerably  upon  the 
(luestion  of  anastomosis  between  the  vessels  of  the  cortical  system.  Hueb- 
ner. basing  his  opinion  upon  the  result  of  his  injections,  believes  that 
tlicrc  is  a  free  anastomosis  between  the  main  vessels,  and  also  between 
the  secondary  branches  of  the  vessels  of  the  cortex,  the  anastomosis  be- 
ing effected  through  vessels  not  less  than  a  millimeter  in  diameter. 
He  does  not  believe  that  collateral  compensation  is  efTected  solely 
through  the  circle  of  Willis.  In  consequence  of  this  view,  objection  is 
taken  to  the  statement  that  an  artery  supplies  any  definite  region  or 
convolution.  In  support  of  Huebner's  view,  we  have  the  fact  admitted 
by  Charcot  that  in  certain  cases  of  arterial  obstruction  by  embolism  or 
thrombosis  there  is  an  exemption  from  softening  which  would  point  to 
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the  establishment  of  a  collateral  circulation.  Duret  contends  that  such 
an  anastomosis  is  absent  or  extremely  rare,  and  he  maintains  that  it  is 
only  through  the  terminal  filaments  of  the  branchlets  that  communica- 
tions occur.  Such  communications,  however,  he  believes  may  vary  in 
number  in  different  individuals.  Cohnheim  also  maintains  that  there 
are  anastomoses  between  the  larger  branches  of  trunk  arteries,  but  that 
all  the  cerebral  arteries  more  or  less  resemble  true  terminal  or  end 
arteries,  in  that  they  communicate  with  other  vessels  through  their  ulti- 
mate capillary  loops  only. 

(b)  Structure  of  the  Cerebral  Arteries. — The  cerebral  arteries 
have  less  muscular  element  than  those  of  the  body  generally.  In  the 
larger  arteries  the  tunica  adventitia  is  directly  continuous  with  pia 
mater,  whilst  in  smaller  vessels  the  sheath  becomes  an  extremely  fine 
membranous  investment,  either  structureless  or  faintly  striated,  and 
with  nucleated  connective  tissue  corpuscles  upon  it. 

The  vessels  of  the  cortex  lie  in  channels — the  perivascular  channels 
of  His.  Numerous  delicate  fibrillar  processes  which  arise  from  the 
stellate  cells  of  the  cortex  traverse  this  perivascular  space  and  form 
connection  with  the  arterial  sheath.  The  capillaries  of  the  cortex  are 
of  extremely  fine  caliber  (not  over  4  in  diameter)  and  of  less  diameter 
than  the  red-blood  corpuscles.  Bevan  Lewis  says,  however,  that  we 
must  allow  for  possible  shrinking  of  the  vessel  by  emptying  its  channel, 
as  well  as  for  a  constricting  effect  of  reagent,  and  that  we  can  scarcely 
conclude  that  even  these  minute  ramifications  do  not  permit  the  passage 
of  the  red-blood  corpuscle. 

2.  Arterioles  of  the  Cortex. — In  his  monograph  on  the  structure  of 
the  cerebral  cortex,  Meynert  showed  that  in  the  cerebral  cortex  with  a 
large  number  of  arterioles  from  the  broad  expansion  of  pia,  all  these 
arterioles  were  about  the  same  size  and  entered  adjacent  portions  of 
the  brain  tissue.  Each  one,  moreover,  represented  to  a  certain  degree, 
an  independent  circulatory  area.  This  observation  led  him  to  the  be- 
lief that  in  the  mass  of  tissue  supplied  by  a  small  number  of  larger  ar- 
terial branches  it  would  be  quite  possible  for  differences  of  blood  supply 
to  exist  simultaneously  in  adjacent  portions  of  that  tissue.  From  this 
he  inferred  that  partial  functional  hypenemia  of  separate  cortical  areas 
is  readily  possible  and  that  the  so-called  cortical  areas  could  be  func- 
tionally hypencmic  when  the  other  cortical  centers  were  functionally  at 
rest.  The  blood  sui)ply  to  the  brain  would  in  this  way  be  determined 
by  the  functional  hypenemia  of  the  area^s  which  were  in  a  state  of 
activity.  In  the  pia  mater  we  have  then  main  arteries  with  their  branch- 
lets  and  filaments,  and  a  great  number  of  minute  arteriole  twigs  pass- 
ing at  right  an^rh^s  into  cortex.  These  are  oommonly  known  as  nutri- 
ent arteries.  In  cases  of  embolism  or  thrombosis,  therefore,  not  only 
does  the  ^ray  matter  of  the  cortex  suller,  but  also  the  subjacent  white 
matter,  the  amount  of  destruction,  of  course,  depending  upon  the  size 
of  the  vessel  obstructed  and  the  amount  of  communication  existing  be- 
tween it  and  its  neighbors,  ^leynert  states  that  the  larger  branches  of 
the  arteries  or  the  surface  of  the  brain  do  not  lie  within  the  pia,  but  in 
the  sub-arachnoid  sj)a('es. 

:\.  The  Venous  Circulation. — The  venous  circulation  within  the 
cranium  i)resenls  several  peculiar  features;  the  blood  flows  along  the 
longitudinal  sinus  toward  the  occiput,  and  hence  its  course  is  opposed 
in  direction  to  the  blood  issuing  from  the  cortical  veins  which  open 
into  the  sinus  in  a  forward  direction.  Hence  the  fact  that  the  blood 
which  entiM's  the  brain  by  ascending  arteries  reaches  the  sinuses  by  as- 
cending veins  is  made  use  of  to  explain  the  occurrence  of  thrombosis 
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in  these  vessels,  the  explanation  being  that  their  gravitation  is  opposed 
to  flow  of  blood.  In  this  way  morbid  processes  affecting  the  scalp, 
such  as  erysipelas,  caries,  carbuncle,  may  readily  affect  intracranial 
structures  by  means  of  the  communication  with  intracranial  veins, 
€,  g. ,  those  of  the  nose,  the  facial  through  the  ophthalmic,  the  mastoid 
veins,  and  the  veins  of  the  diploe.  Cerebral  anaemia  is  sometimes 
produced  owing  to  hydrostatic  causes  as  when  a  person  who  has  been 
in  bed  for  a  long  time  and  whose  blood  is  small  in  amount  is  suddenly 
raised  into  the  erect  position.  Such  a  condition  is  not  infrequently 
attended  by  loss  of  consciousness.  Liebermeister  regards  the  thyroid 
gland  as  a  collateral  blood  reservoir,  which  empties  its  blood  towards 
the  head  during  such  changes  of  the  position  of  the  body. 

4.  Lymphatic  System. — To  the  study  of  the  lymphatic  system  of  the 
brain  considerable  importance  is  attached,  and  our  knowledge  upon 
this  difficult  subject  may  be  attributed  chiefly  to  the  labors  of  Ober- 
steiner.  Key,  Retzius,  Schwalbe,  Meynert  and  Bevan  Lewis.  Ober- 
steiner  was  the  first  to  define  the  nature  and  connections  of  the  lymph 
channels.  Bevan  Lewis  is,  however,  to  be  credited  with  having  given 
us  the  latest  and  most  advanced  details  as  to  the  relationship  of  the 
cortical  nerve-cells  to  these  lymph  channels,  both  in  health  and  dis- 
ease. It  will  perhaps  simplify  the  subject  if  we  diverge  for  a  moment 
to  consider  the  endocranial  fluids  in  general. 

(a)  Movements  and  Inter- belations  of  the  Endocbanial 
Fluids  are  important  factors  in  the  nutrition  of  the  brain.  If  the 
brain  were  surrounded  merely  by  rigid  cranial  walls,  a  partial  change 
in  the  distribution  of  arterial  blood  would  be  conceivable.  A  func- 
tional increase,  however,  would  be  i>ossible  only  upon  one  of  two  con- 
ditions, viz. :  A  corresponding  collateral  arterial  diminution,  or  a  trans- 
fer of  venous  blood  in  the  direction  of  the  sinuses.  For  the  first 
condition  Lewis  thought  it  would  be  diflScult  to  explain  an  appropriate 
mechanism.  A  venous  transfer  would  be  altogether  too  slow  and  there 
could  not  be  any  continuous  action  because  the  propulsion  of  the  ve- 
nous current,  dependent  upon  the  respiratory  movements,  would  give 
rise  to  a  frequently  interrupted  flow  of  venous  blood  in  the  brain.  The 
cranial  cavity  is  not  entirely  filled  by  the  brain,  it  includes  in  addition 
a  number  of  spaces  filled  with  lymphatic  fluid.  The  dura  mater  is 
separated  from  the  arachnoid  by  a  comparatively  small  space  which  is 
lined  by  the  endothelium.  This  space  communicates  with  the  lym- 
phatic glands  of  the  neck,  and  with  the  sub-dural  spaces  which  do  not 
immediately  surround  the  nerve  roots,  but  do  so  in  common  with  the 
arachnoid  and  are  connected  with  the  lymphatic  spaces  of  peripheral 
nerves.  As  an  example  we  have  the  communication  between  the  audi- 
tory labyrinth  and  the  sub-dural  si)ace  through  the  space  which  sur- 
rounds the  auditory  nerve.  In  the  tissue  of  the  dura  itself  there  are 
also  lymph  spaces  which  are  connected  with  the  subdural  space. 

(h)  The  Explanation  of  the  So-called  Lymph  Cisterns  is  to  be 
found  in  the  relationship  of  the  arachnoid  membrane  to  the  pia.  They 
are  connected  by  means  of  a  net -work  of  threads  and  trabeculsa  of  con- 
nective tissue*  and  at  the  base  of  the  brain  by  means  of  perforated  mem- 
branes. At  the  summit  of  the  convolutions  the  threads  of  this  net- 
work are  narrower  than  over  the  sulci ;  while  at  the  base  of  the  brain 
wliore  the  subarachnoidal  spaces  are  dilated  there  may  be  no  trabec- 
uhe.  Meynert  enumerates  the  following  cisterns  which  belong  to  the 
surface  of  the  cortex  :  (i)  the  space  of  the  fossa  Sylvii ;  (il)  farther 
back  tlie  cysterna  chiasmatis.  In  the  brain  cortex  all  the  vessels  are 
inclosed  within  channels,  known  as  the  perivascular  channels  of  His. 
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These  channels  are  noticeable  in  hardened  sections  and  most  markedly 
so  in  cases  of  atrophy  of  the  cortex. 

The  study  of  the  lymph  connective  tissue  is  of  great  impoi*tance  in 
cerebral  patholog>',  but  it  is  yet  to  be  shown  how  the  individual  ele- 
ments of  this  system  undergo  morbid  changes  and  cause  alterations  in 
the  movements  of  the  lymph. 

5.  Cerebro-spinal  Fluid. — The  cerebro-spinal  fluid  in  the  brain  is  se- 
creted by  the  epithelium  of  the  choroid  plexus  in  the  lateral,  the  third 
and  the  fourth  ventricles,  and  possibly  from  the  general  epithelial  lin- 
ings of  these  cavities.  The  fluid  is  transparent  and  has  a  Sp.  Gr.  of 
about  1010.  The  view  that  the  lymph  cisterns  act  as  water  cushions  to 
minimize  the  shock  to  the  brain  and  to  compensate  for  variations  in  the 
blood-pressure  is  supported  by  the  fact  that  in  cases  of  spina  bifida  the 
cerebro-spinal  fluid  can  be  readily  driven  from  the  spinal  cord  into  the 
cranial  cavity  by  pressure  of  the  tumor,  so  that  it  may  be  assumed  a 
passage  may  be  as  readily  effected  in  the  reverse  direction. 

6.  Quantitative  Relation  Between  Blood  and  Cerebro-spinal 
Fluids. — There  is  an  intimate  relation  between  the  amount  of  cerebro- 
spinal fluid  and  blood  within  the  cranial  cavity.  Formerly  it  was 
taught  that  as  the  skull  is  a  rigid  box,  and  as  the  brain  substance  and 
its  fluid  are  practically  incompressible,  no  variation  in  the  amount  of 
blood  in  the  brain  could  be  possible.  This,  however,  is  now  proved  to 
be  erroneous.  The  average  quantity  of  cerebro-spinal  fluid  within  the 
cranium  is  about  two  ounces,  and  if  it  be  suddenly  withdrawn  epilepsy 
or  convulsions  may  be  produced,  or  if  it  be  rapidly  increased  in  amount 
coma  may  result.  This  fluid  has  also  important  mechanical  functions, 
protecting  delicate  parts  of  the  brain  from  injury,  and  distributing  vi- 
bratory impulses.  The  presence  of  the  cerebro-spinal  fluid  is,  as 
pointed  out  by  Bonders,  of  great  importance  in  regulating  the  pressure 
uniformly  when  brain  movements  occur,  so  that  every  systolic  and  ex- 
piratory dilatation  of  the  blood  vessels  is  concentrated  upon  those  parts 
of  the  cerebral  membrane  which  do  not  offer  any  resistance. 

h.  The  Movements  of  the  Brain. 

The  movements  of  the  brain  are  of  three  kinds  :  (i)  Pulsatile  move- 
ments comniuniciited  from  the  pulsations  of  the  large  basal  cerebral 
vessels.  (II)  Respiratory  movements  :  brain  rising  during  expiration, 
and  falling  during  inspiration.  (IIT)  Vascular  elevation  and  dei)ression, 
which  alternate  and  arc  due  to  periodic  dilatation  and  contraction  of 
the  blood  vessels.  This  last  is  a  periodic  arterial  dilatation  regulated 
by  the  vaso-motor  center  and  occurring  from  one  to  six  times  per 
minute.  These  movements  have  been  investigated  chiefly  over  the 
fontanelles  of  children  and  where  the  membranes  have  been  exposed  by 
trephining.  The  advance  of  the  dilatation  wave  within  the  rigid 
cranial  walls  aids  in  the  establishment  of  currents  of  brain  fluid 
whereby  metaholic  waste  ]>ro(hicts  are  carried  oil'  through  the  lym- 
phatic fluid.  The  brain  and  the  fluid  surrounding  it  are  subjected  to  a 
certain  mean  i>ressure  which  dej)cnds  upon  the  blood-pressure  within 
the  vascular  system.  Nanny n  and  Schreiber  showed  that  cerebral 
])ressure  must  be  slightly  less  than  pressure  within  the  carotid  before 
the  symptoms  j)roj)er  to  pressure  on  the  l>rain  occur.  The  vascular 
wave  causes  an  expansion  of  the  cerebral  mass,  followed  by  a  contrac- 
tion. 

Meynert  concluded  that  all  stimuli  acting  on  the  sensorium  create 
vascular  movements  and  disturb  the  periodic  changes  in  the  condition 
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of  the  vessels  and  that  of  the  psychic  influences  which  may  cause  eleva- 
tion of  blood- pressure,  the  emotions  act  more  readily  and  bring  about  a 
greater  change  than  purely  intellectual  processes.  Great  variations  of 
brain  pressure  are  almost  constantly  attended  by  symptoms  of  disturb- 
ances of  the  nutrition  of  the  brain.  If  the  pressure  is  moderate  the  symp- 
toms may  remain  latent  or  only  show  themselves  as  headache,  veiligo, 
weakness  or  disturbance  of  the  sensory  function.  During  sleep  the  cir- 
culation of  the  lymphatic  fluid  in  the  brain  effects  the  removal  of  the 
waste  products  and  this  is  to  a  great  extent  dependent  upon  the  vascu- 
lar movements  of  the  brain.  Burckhardt  regards  the  influence  of  this 
vascular  wave  as  far  more  powerful  than  that  of  the  respiratory  wave. 
The  irregularities  of  vascular  wave  movements  which  occur  when  the 
individual  is  awake  indicate  that  in  certain  parts  of  the  brain  there  is 
an  independence  of  action  just  as  we  know  it  to  be  the  case  in  reflex 
arterial  constrictions  on  the  surface  of  the  body. 

Pulsatory'  movements  originate  from  the  circle  of  Willis  ;  the  arte- 
ries ascend  and  their  currents  are  directed  upward,  as  is  also  the  case 
with  the  venous  currents.  The  arteries  at  the  base  are  first  to  enlarge 
with  the  blood  flow,  then  the  wave  passes  into  all  the  branches  of  the 
vessels.  The  brain,  however,  is  only  able  to  enlarge  concentrically  to- 
ward the  ventricles  on  account  of  the  resistance  ottered  by  the  roof  of 
the  skull  to  the  swellings  of  the  convolutions.  This  concentric  swell- 
ing of  the  brain  is  almost  constant  and  the  pressure  is  neutralized  in  the 
ventricles,  partly  owing  to  the  fact  that  there  is  a  displacement  of  cere- 
bro-spinal  fluid  in  the  ventricles.  When  the  engorgement  of  the 
walls  of  the  ventricles  ceases,  the  blood  supply  which  reaches  the  cor- 
tex through  the  long  arteries  is  carried  downward. 

The  act  of  inspiration  causes  a  fall,  that  of  expiration  causes  an  ele- 
vation of  pulse  wave.  This  influence  is  most  noticeable  during  forced 
efforts  of  expiration  and  depends  upon  variations  in  the  venous  pres- 
sure. As  a  result  of  venous  pressure,  concentric  swelling  of  the  hemi- 
spheres occurs.  The  venous  pressure  acts  from  the  vertex  downward 
instead  of  from  the  base  upward  as  does  the  pulse  wave. 

2.   CONSCIOUS  SENSATION,  VOLUNTABT  MOVEMENTS, 
MEMORY,  REASON. 

THE  PHTSIOLOaT  OF  THE  CEREBRUM. 

a.  General  Oonsideration. 

We  have  already  briefly  discussed  the  actions  which  an  animal  is 
capable  of,  when  all  the  centers  above  the  medulla  oblongata  have 
been  removed,  and  we  have  endeavored  to  assign  to  the  medulla 
oblongata  and  conl  the  functions  proper  to  each.  In  a  similar 
manner  the  functions  of  all  the  parts  of  the  encephalon  may  be 
determined  by  a  study  and  analysis  of  the  various  forms  of  ac- 
tivity which  are  nuinifested  by  animals  from  which  all  centers 
situat(Hl  in  advance  of  the  optic  thalami  and  optic  lobes  have  been 
removed. 

When  we  turn  from  the  consideration  of  these  facts  themselves 
to  the  theory  of  tlieir  explanation  we  enter  on  a  vexed  question  in 
physiology.    One  fundamental  fact  seems,  however,  indisputable 
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and  established,  viz.:  That  in  the  absence  of  cerebral  hemispheres j 
the  loxcer  centers  are  of  themselves  incapable  of  originating  active 
manifestations  of  any  kind.  When  the  hemispheres  are  removed 
all  the  actions  of  the  animal  become  the  immediate  and  necessary 
response  to  the  form  and  intensity  of  the  stimuhis  communicated 
to  its  afferent  nerves.  Without  such  excitation  from  without  the 
animal  remains  motionless  and  inert.  It  is  true  that  some  of  tlie 
phenomena  would  seem  opposed  to  this  view,  but  this  is  only  in 
appearance,  not  in  reality.  Thus  a  frog  may  occasionally  move 
its  limbs  spontanwusly  and  a  bird  may  yawn,  shake  its  feathers, 
or  change  the  foot,  but  these  actions  are  the  result  of  impressions 
arising  from  cutaneous  irritation  caused  by  the  wounded  surface 
resulting  from  the  operation.  The  relation  between  the  cerebrum 
and  the  sensory  and  motor  tracts  is  shown  and  described  in  some 
detail  in  Plates  IV.  and  V.  The  reader  will  find  it  profitable  at 
this  point  to  make  a  careful  studv  of  these  plates,  also  of  figures 
291,  292  and  293. 


Fig.  291. 


Tran«*vor.>»'  «»ertinii  of  tin'  toreV»runi.  showiiij^  the  probable  disposition  of  the  commissural  aii<l 
j)roje<  tion-lil»or».  .I.eorpiis  oiillo>uni  ;  B,  anterior  conuni^isure  ;  (',  pyraniidul  pathway  forine<l 
«>f  the  i»rojr(tiou-lib»'rs.    ((  a-fai,,) 

If  we  iiujiiirc  into  tlic  nature  of  the  processes  which  immediately 
precede  tliis  responsive  activity,  we  are  led  to  ask,  are  these  actions 
merely  reflex  or  are  they  accompanied  by  sensation  ?  If  we  do- 
fine  sensation  as  the  consciousness  of  impression,  it  will  be  seen 
that  the  ])rol)leiu  which  confronts  us  for  solution  is  whether  there 
is  a  consciousness  accompanying)^  the  acts  of  these  animals  that  are 
minus  their  cerebral  lieniis])lieres,  in  other  words  are  these  ani- 
mals, under  the  conditions  of  the  experiments,  capable  of  psychic 
activity  ? 

If  we  were  to  accept  without  (piestion  the  metaphysical  view, 
the  answer  would  not  be  ditlicnlt,  viz.:  that  abolition  of  the  hemi- 


PLATE  IV. 


Diagram  showing  course  of  Sensory  Fibres  from  Periphery  to  Cord,  Cerebrum 
and  Cerebellum.   [Cray,  after  Flatau.] 

a.  First  peripheral  station  on  sensory  tract.  RnteHnfir  as  posterior  root  the  axon  divides  into  short 
descending  branch  (i',  2',  3',  4')  and  a  longer  ascendinfir  branch  (i.  a.  3,  4).  The  latter  may  soon  terminate 
by  arborizing  in  the  gray  matter  (3.  3),  or  may  extend  to  medullar  centres  (4).  nuc.  gracilis  and  nnc.  cunea* 
tun.  Note  the  collateral  branches  (col.).  The  farther  one  proceeds  from  the  source  of  a  fibre  (4)  the  nearer 
will  he  find  it  to  the  posterior  median  plane  of  the  cord.  From  the  nuc.  tcrac.  and  nuc.  cmneatms  the 
axons  pass  into  the  lemniscus,  cross  toward  the  median  line,  decussate  with  corresponding  fibres  of  oppo- 
site  side  {Dfcussat.  of  the  lemniscus)  and  form  the  medial  lemniscus,  with  which  most  of  the  fibres  proceed 
through  the  medulla,  the  pons,  and  the  crus  to  the  cerebral  cortex.  The  sensory  tract  lies  in  the  tegmen- 
tal portion  of  the  crus,  and  occupies  the  posterior  portion  of  the  internal  capsule,  thence  through  the 
corona  radiata  to  cortical  areas  outlined  in  figure  showing  mesial  aspect  or  left  half  of  the  brain  of 
Macacus  The  collateral  branches  give  rise  to  secondary  sensory  tracts,  but  the  one  outlined  is  the  most 
important. 


PLATE  V. 


Diavjram  showiiivj  course  of  Motor  Fibres  from  the  Cerebrum  and  Cord  to  lha 
Periphery.   [Gray,  after  Flatau.] 


The  motor  impulses  proceed  from  the  pyramidal  cells  of  the  motor  area  of  the  cortex  to  the  pyra- 
midal fibres,  via  the  corona  radiata  to  the  motor  nuclei  of  the  cranial  and  the  spinal  nerves,  the  former 
lying:  in  the  brain  stem  and  the  latter  in  the  anterior  horns  of  the  spinal  cord.  Note  that  the  motor 
fibres  lie  anterior  to  the  scjisory  in  the  internal  capsule  (Compare  Plate  IV. i.  and  that  they  pass  into  the 
crura  cerebri  lying  in  the  most  ventral  portion  in  what  is  known  as  the  /Vs.  thence  through  the  pons  and 
medulla,  where  they  are  visible  as  two  compact  bundles,////-  pyramids  (I'y).  At  the  lower  end  of  the 
medulla,  in  the  rcpibn  of  the  first  and  second  cervical  nerves,  there  is  a  decussation  of  the  Pyramids^  one 
portion  of  each  pyramid  decussates  and  passes  down  the  cord  in  the  lateral  pyramidal  column^  while 
the  other  passes  without  decussating  down  the  antnior  pyramidal  column  or  column  of  TUrck.  Note  that 
collaterals  from  the  fibres  of  the  column  of  Tiirck,  pass  to  the  opposite  side  of  the  cord  throuf^h  the  anter- 
ior commissure  to  motor  cells  of  opposite  side;  so  that  eventually  all  of  the  motor  tract  crosses  to  the 
opposite  side,  where  thev  arborize  around  motor  cells  of  the  antei  ior  horns.  The  a.xons  from  these  cells 
pass  out  the  anterior  roots  and  are  distributed  to  muscles  and  glands. 
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spheres  abolishes  certain  fundamental  powers  of  mind,  that  the 
functions  of  the  lower  centers  lie  outside  of  the  sphere  of  the  mind 


Fig.  292. 


Fio.  293. 


I*robable  dirc<  tioii  of  the  currents  uDd  the 
nervous  {)n>t(»|»la>niie  (>onn(*c'tionH  in  the  cell  of 
thf  cerehnil  cortex.  A,  ^mall  pyramidal  wU  ; 
H,  large  pyruiuidal  wll  :  (\  />,  polviuorphouH 
cells  ;  E,  'terminal  filter  coming  rrom  other 
nerve-c<'nters  ;  /■'.  collaterals  of  the  white  mat- 
ter;  fi,  axis-cylinder  Itifurcating  in  the  white 
matter.  (Caj.il.) 

proper.  But  this  way  of  look- 
ing at  tho  subject  docs  not  har- 
monize with  known  physiolog- 
ical facts.  It  is  known  that 
areas  may  Ix?  cut  away  fn>m  tlic 
hcmisplicrc^  involving  the  terri- 
tory of  intellectual  consciousness 
without  interfering  with  con- 
sciousnc»ss ;  the  will  may  be 
al)oIishc(l  wliile  consciousness 
remains.  Hence  wc  are  not 
entitled  to  siiy  that  mind  as  a  unit  has  a  local  liabitation  in  any 
one  part  of  the  enccphalon  but  rather  that  mental  manifes- 
tations depend  on  the  conjoint  action  of  several  jmrts.    If  we 


Human  »-ortex  ••tnined  with  Weigert"-*  h»-ma- 
toxvlin  on  the  h'ft,  and  hv  (Hilgi'<«  methml  <»n 
I  he  right. 
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study  the  nervous  results  which  are  brought  about  hy  eztenal 
stimulation  of  animals  it  will  be  found  impoeBible  to  determiiie 
how  far  the  element  of  consciousness  enters  into  the  raaotioD. 
Thus  a  severe  pinch  on  the  tail  or  foot  of  a  brainless  rabbit  eliatSi 
not  merely  convulsive  reflex  movements,  but  oalls  forth  a  repeated 
and  prolonged  cry  which  is  characteristic  of  pain.  Bat  iomj  it 
not  be  that  the  mesencephalon  is  a  center  of  reflex  action  of  a 
special  form^  difi^ering  from  the  spinal  cord  not  in  kind,  but  in  de- 
gree of  complexity?  Just  as  the  medulla  oblongata  is  a  more 
highly  specialized  and  complex  center  than  the  spinal  cord,  ao  the 
mesencephalon  may  be  the  center  of  still  more  highly  apedaliaed 
reflex  action.  Hence  the  plaintive  cry  may  be  purely  a  reflex 
phenomenon^  not  depending  on  any  true  sense  of  pain. 

6.  Localixation  of  Functions  in  the  Oeretamm. 

The  phenomena  of  disease  throw  light  on  this  question ;  for 
example,  if  a  disease  can  occur  which  will  practically  detach  the 
cerebrum  from  the  mesencephalon  and  leave  thought  and  speech 
intact  we  may  expect  to  collect  symptoms  and  testimony  which 
will  point  to  the  location  or  localization  of  the  conscioaanees  of 
impressions.  If  the  crus  cerebri  or  the  posterior  part  of  the 
internal  capsule  be  diseased,  which  are  not  uncommon  occurrenoes 
in  clinical  experiences,  the  individual  has  absolutely  no  conscioaa- 
ness  of  tactile  impressions  made  on  the  opposite  side  of  his  body. 
In  the  mesencephalon  alone  therefore  sensory  impressions  are  not 
correlated  with  modifications  of  consciousness ;  hence  we  most 
conclude  that  sensation  is  a  function  of  the  higher  centers.  We 
may  conclude  from  the  homology  of  the  mesencephalon  of  man 
^^^th  that  of  the  lower  vertebrates  that  all  are  of  the  same  type 
and  only  differ  in  degree  of  indej>ondence. 

The  following  words  of  Herbert  S^jenccr  (Principles  of  Psychol- 
ogy, 1870)  contain  the  pith  of  our  knowledge  with  reference  to 
special  location  of  mental  action  :  "  Whoever  calmly  considers  the 
question  cannot  long  resist  the  conviction  that  different  parts  of 
the  cercbriini  must  in  some  way  or  other  subserve  different  kinds 
of  mental  action.  The  different  parts  of  the  cerebrum  do  sub- 
serve different  kinds  of  mental  action,  but  they  only  subsenre, 
and  we  cannot  as  yet  determine  where  or  how  the  different  kinds 
of  mental  action  are  ultimately  served."  Further,  Herbert 
Spencer  siiys  :  "  I^ocalization  of  function  is  the  law  of  all  organ- 
ization whatsoever,  and  it  would  l>e  marvelous  were  there  here 
an  exception.  Either  there  is  some  arnuigement,  some  organiza- 
tion in  the  cerebrum  or  there  is  none.  If  there  is  no  organization 
the  cerebrum  is  a  chaotic  mass  of  fibers  incapable  of  performiog 
any  orderly  action.    If  there  is  some  organization  it  most  consist 
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in  the  same  physiological  division  of  labor  in  which  all  organiza- 
tion consists,  and  there  is  no  division  of  lab:)r  physiological  or 
other,  but  what  involves  the  concentration  of  special  kinds  of 
activity  in  special  places." 

It  has  already  been  learned  from  the  facts  of  human  physiology 
and  ])ath()logy  that  consciousness  is  inseparable  from  the  activity 
of  the  cerebral  hemispheres,  and  that  therefore,  however  much 
the  responsive  actions  of  the  lower  ganglia  may  resemble  con- 
scious actions,  they  do  not  come  within  the  sphere  of  truly  phys- 
ical phenomena. 

Up  to  a  recent  date,  the  results  of  experimental  physiology  and 
human  pathologj'  had  been  considered  as  opposed  to  the  localiza- 
tion of  special  functions  in  distinct  regions  of  cerebral  hemi- 
spheres. Many  unquestionable  facts  of  clinical  medicine,  how- 
ever, such  as  limited  paralysis  in  connection  with  limiteil  cerebral 
lesions,  appeared  wholly  inexplicable  except  on  the  hyi^thesis  of 
a  differentiation  of  function  in  the  cerebral  hemispheres.  In  more 
recent  times  established  coincidence  of  aphasia  or  loss  of  speech, 
with  disease  of  a  certain  region  in  the  left  hemisphere,  servetl  still 
further  to  cause?  thoughtful  students  of  tliis  sulyect  to  seek  rational 
explanations  upon  the  basis  of  a  differentiation  of  function  in  the 
cerebrum. 

Ilughlings  Jackson  from  a  minute  and  careful  study  of  the 
phenomena  of  unilateral  and  limited  epileptiform  convulsions  ar- 
rived at  the  conclusion  that  they  were  due  to  irritation  or  discharge 
of  energy  from  certain  convolutions  of  the  opposite  cerebral  hemi- 
sphere, functionally  related  to  the  corpus  striatum  and  muscular 
movements.  Though  he  furnished  many  arguments  in  favor  of 
this  hypothesis,  since  verified,  his  views  were  regarde<l,  at  the 
time,  as  merely  ingenious  speculations  and  devoid  of  any  actual 
proof  that  the  gray  matter  of  the  convolution  was  really  excite- 
able.  ExjK»rimental  physiologists  had  all  failed  to  obtain  evi- 
den(*e  of  the  susceptibility  of  the  cerebral  cortex  to  any  of  the 
onlinary  stimuli  of  nerves,  mechanical,  chemical,  thermal  or  even 
electrical.  This  apparent  inexcitability  of  the  cerebral  cortex 
gix'atly  retanled  the  progress  of  cerebral  i)hysiology. 

A  new  cm  in  cerebral  physiology  was  inaugurated  by  the  dis- 
covery by  Fritsch  and  Ilitzig  in  1870  that  the  ai)plication  of  the 
gjilvanic  current  to  the  surfac^e  of  the  cerei>nd  hemisphere  in  dogs 
g*av(»  rise  to  movements  on  the  opi)osite  side  of  the  body — move- 
ments which  varied  with  the  jwsitionof  the  electroiles. 

The  phenomena  of  Iwalizetl  and  universal  convulsive  move- 
ments, attribut<'d  by  Ilughlings  Jackson  to  vital  irritation  of  cer- 
tain regions  (»f  the  cortex,  are  precisi'ly  of  the  same  nature  as 
th(»se  inductnl  by  electrical  irri tuition  of  the  same  regions.  The 
great  and  significant  ftniture  of  the  reactions  producwl  by  elec- 
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tri/ial  f-xfritsiuon  of  thf  U  that  they  are  ilefiiiite.  may  be  pre- 

t\u^(A  an^l  vary  with  thfr  fi^rrition  of  the  electrodes.  S*>.  as  will 
br^rr,  arv:a«  in  cUj^  proximity  t»»  each  other,  sepeunated 
only  hy  a  ftrw  rnillimrrtfrr*  or  lew,  react  to  the  electrical  cmrte-nt  in 
a  tr/taliy  difTfrrent  manner.  If  there  were  D<f  functional  difier- 
entiation  of  th^:  ar^^a^^  under  stimulation  the  diverse  effeet;^  woold 
U-  al^#IiJt^:Iy  ino^rmprelien-ible  on  any  theory  of  mere  physical 
rrondiK'tioii.  Movirment*  of  the  limits  on  only  be  excited  from 
rvTtain  ]tff\n\*,  all  others  ^leinjr  ineff"ective. 

1 .  Ezperimeiits  upon  Monkeys. — ^The  surface  of  the  cenebral 
Iiemi«iplierfr?*  in  monkr-y*  i«  divided  into  certain  lobes  and  convo- 
Intion.**  by  primary'  and  Mrcondarj'  fissure?;.    The  ^neral  arrange- 


Vui.  294. 


Oiitliiir  III'  luaiii  nl"  iiioiik<-,v  {  Min'ih  us)  to  .-how  ]iriii(  ipul  sulci  f fissures)  and  gyri  (eonvolu- 
tlmiHi     N;»tin;il  o\rr  vm  U  sulru>.  purposely  prliitisi  vi.-ry  thick,  th«*  iiume  N  wrltleu  in 

»/f//»i  A.  o\ri  rarli  v;>  rus  in  "^MMi  TAiMiMs  r  indicjito.H  the  snuill  <l«>pressiou,  hardly  to  1h* 
rallnl  it  still  n^.  « liii  li  i««  suppoH^d  to  lie  ltoinoIov;ous  with  th«'  superior  frontal  )<uIcur  of  man  ; 
iin<l  I' .  I/,  .  siuiiliu  lv  indicate  sulci  whosv  homologies  are  not  certain.  (I'nsTKR  after  Horslky 
ami  >«  H  \i  I  1  u. ) 

incnt  i»r  these  varies  somewhat  tVoin  that  of  tlie  human  bniin  ; 
hi>\vever  the  h(>moh»n^ies  may  h(»  traeed  with  fair  accuracy,  and 
the  resuh>  (»htain(Ml  tVom  experiments  are  indicative  of  the  func- 


LOCALIZATION  OF  FUNCTIONS  IN  THE  CEREBRUM,  595 


tions  of  homologous  areas  of  the  human  brain.  Electrical  stim- 
ulation of  certain  areas  gives  rise  to  definite  response.  The  fol- 
lowing are  the  principal  phenomena  usually  observed  : 

(a)  Stimulation  of  the  upper  portion  of  the  ascending  parietal 
lobule  causes  the  opposite  hind  limb  to  be  advanccnl  as  in  walk- 
ing, the  thigh  being  flexed  on  the  j)elvis,  the  leg  extended,  the 
foot  flexed  and  the  toes  spread  and  extended.  (See  Figs.  294 
and  295.) 

(/>)  On  the  upper  extremity  of  the  ascending  i)arietal  and  ad- 
joining portion  of  the  ascending  frontal  convolution  :  Flexion 
with  outward  rotation  of  tlie  thigh,  rotation  inwards  of  the  leg 
witli  flexion  of  the  toes. 

(c)  On  the  ascending  frontal  convolution,  at  the  base  of  tlie 
superior  frontiil  :  Extension  forwanls  of  the  opj^site  arm  as  if  the 
animid  tried  to  reach  and  touch  something  in  front. 

(f/)  On  the  ascending  frontal  convolution  at  the  IxMid  of  the 
knee  of  the  pnecentral  sulcus  :  Flexion  and  supination  of  the  fore- 
arm. 

((')  On  the  ascending  frontal  convolution  below  4  :  Retraction 
and  elevation  of  the  angle  of  the  mouth. 

(/)  On  ascending  frontal  convoluticm  below  5  :  Elevation  of 
the  ala  of  nose  and  upper  lip. 

((/)  On  the  lower  extremity  of  the  ascending  parietal  convolu- 
tion :  OfHining  of  the  mouth  with  protrusion  and  retrac^tion  of 
the  tongue. 

(Ii)  On  the  lower  extremity  of  the  ascending  parietal  convolu- 
tion :    Retraction  of  the  angle  of  the  mouth. 

(j)  On  the  su|)erior  temi)oral  (convolution  :  Pricking  up  of  the 
op{)osite  ear,  turning  of  the  head  and  eyes  to  the  op|M»site  side, 
dilataticm  of  the  pupils. 

Stinudation  of  the  central  lobe,  or  Island  of  Reil  causes 
no  motor  reactions. 

(/)  Stimulation  of  the  (wcipital  loin?  causes  no  mot4)r  reaction. 

(in)  HoinIcv  and  lit»evor  have  made  im|)ortant  contributi<ms  to 
tii(*  physiology  of  the  mesial  asjKJct  of  the  l)rain.  They  found 
tliat  the  marginal  convolution — locjited  al)Ove  the  caUos<Mnar- 
ginal  tissun* — is  excitable  throughout,  except  in  the  pne-frontal 
region  ( F.  K.,  Fig.  29()).  The  ligure  shows  the  results  obtaimnl 
by  tiic  <'xperimcnt<'rs  referred  to. 

2.  The  Results  of  Observations  upon  Man. — ( finical  ol>ser- 
vatioii  lias  enabUHl  us  to  d(»termine  with  considenible  accuracy  the 
outline  of  inotcir  an<l  of  sensory  areas  on  the  tH)rtex  of  the  hu- 
man brain.  A  ecmiparison  of  Plate  II L  with  Fig.  252  will  show 
tiiat  tlie  motor  ami  (»f  the  human  ci^rebral  cortex  is  locjited,  like 
tiiat  of  the  monkey,  ujwn  either  sUlv  of  the  fissure  of  Rolando 
on  the  lateral  aspect  of  the  cerebrum  and  upon  the  i)osterior  jwr- 
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tion  of  the  maiginal  oonvolution  on  the  mesial  a^eot  of  t 
cerebrum.  For  obvious  reasons  the  detenninAtion  within  t 
motor  area  of  minute  fields  which  serve  as  centers  fi>r  yoliuilm 
control  of  limited  groups  of  muscles  has  not  advmoed  u  fiur 
the  human  subject  as  in  the  monkey.  On  the  other  haikl,  and  i 
reasons  just  as  obvious,  the  determination  of  the  loontion  and  oi 
lines  of  sensory  and  speech  areas  has  progressed  modi  fiirtlier 
man  than  in  the  monkey. 

We  have  now  traced  sensory  impressions  to  the  oerebral  oortc 
to  the  sensorium ;  we  have  found  how  one  cortical  portion  ocmun 
nicates  with  another,  and  we  have  traced  motor  impulses  firm  i 
cortical  centers  of  voluntary  motion,  through  the  pons,  medUl 
and  cord  to  the  muscles.  It  will  be  seen  that  sensation  follows 
by  a  responsive  voluntary  motion  is  analogous  to  a  reflex  act,  d: 
fering  from  it  only  in  the  presence  of  consciousness  of  the  proeei 

c.  The  Higher  Oerebral  Fnnetiona. 

It  is  not  within  the  province  of  this  brief  manual  to  discuss  tl 
higher  cerebral  functions  or  the  intellect  of  man.  For  a  trea 
ment  of  this  subject  the  student  is  referred  to  the  various  worl 
on  psychology. 

Innumerable  clinical  observations  make  it  certain  that  tl 
physical  basis  of  the  mind  of  man  is  the  cerebral  cortex.  Thi 
certain  attributes  of  the  mind  are  lost  with  the  functional  destnu 
tion  of  certain  portions  of  the  cortex  indicates  that  the  localijsi 
tion  of  function  is  not  confined  to  sensation  and  to  volition. 

Through  the  interrelation  and  interaction  of  cerebral  center 
one  is  not  only  conscious  of  st»nsation,  but  he  interprets  the  sensa 
tion,  referring  it  to  some  object  outside  of  the  brain  itself.  Sue! 
an  interpretation  of  sensation  is  called  Perception. 

Sensations  and  i)crccptions  alfcct  the  brain  structure  in  som- 
mysterious  way  leading  to  a  retention  of  the  impression,  witl 
ability  on  tlic  part  of  the  subje(»t  to  cull  up  the  impression  again 
Memoi'ii  and  livro/hrtion, 

Througli  the  aid  of  the  memory  a  series  of  sensations  and  per 
cei)ti(»ns  may  l)e  combined,  into  a  clear  mental  picture  :  Ckwcepfion 

Conception  merges  int(»  ImnginaiioHj  for  the  latter  is  th< 
"  power  of  the  mind  to  create  mental  pictures  out  of  the  data  de 
rived  from  experience."  These  mental  pictures  may  either  1> 
faithful  reproductions  of  previous  sensations  and  perceptions  :  Re 
prencnfative  inutf/inafion  (Conception);  or  it  may  construct  entirely 
new  ])ictures  combined  from  various  elemental  sensations  and  per- 
ceptions :  Const ructi re  imar/i nation,  or  Ima(/inathn  j^roper, 

(jiven  tlie  ])owcrs  enumerated  and  defined  above  the  mind  L 
able  to  make  a  series  of  judgments  or  conclusions,  u  e.,  to  Season 
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As  a  result  of  reason  the  subject  may  deliberately  enter  upon  a 
certain  line  of  action.  The  power  of  the  mind  to  will  to  do  is 
called  VolUioji  or  The  mil. 

Sensations  though  the  medium  of  memory  may  call  forth  in  the 
mind  a  series  of  Enwtiom :  fear,  anger,  love,  hatred,  etc. 


PLATE  V. 


Diaviram  showing  course  of  Motor  Fibres  from  the  Cerebrum  and  Cord  to  the 
Periphery.   [Gray,  after  Flatau.J 


The  motor  impulses  proceed  from  the  pyramidal  cells  of  the  motor  area  of  the  cortex  to  the  pyra- 
midal fibres,  via  the  corona  radiata  to  the  motor  nuclei  of  the  cranial  and  the  spinal  nerves,  the  former 
lyins:  in  the  brain  stem  and  the  latter  in  the  anterior  horns  of  the  spinal  cord.  Note  that  the  motor 
fibres  lie  anterior  to  the  sensory  in  the  internal  capsule  (Compare  Plate  IV.  i.  and  that  they  pass  into  the 
crura  cerebri  lyinjj  in  the  most  ventral  portion  in  what  is  known  as  the  /V.s,  thence  through  the  pons  and 
medulla,  where  they  are  visible  as  two  compact  bundles,  ihr  pyramids  (Py).  At  the  lower  end  of  the 
medulla,  in  the  rcj^ion  of  the  first  and  second  cervical  nerves,  there  is  a  drcuisation  of  the  Pyramids,  one 
portion  of  each  pyramid  decussates  and  passes  down  the  cord  in  the  lateral  pyramidal  ci/lumn,  while 
the  other  passes  without  decussating  down  the  anUrior  pyramidal  column  or  column  of  TUrck.  Note  that 
collaterals  from  the  fibres  of  the  column  of  Tiirck,  pass  to  the  opposite  side  of  the  cord  through  the  anter- 
ior commissure  to  motor  cells  of  opposite  side ;  so  that  eventually  all  of  the  motor  tract  cro.sses  to  the 
opposite  side,  where  they  arborize  around  motor  cells  of  the  antei  ior  horua.  The  axons  from  these  cells 
pass  out  the  anterior  roots  and  are  distributed  to  muscles  and  glands. 
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spheres  abolishes  certain  fundamental  powers  of  mind,  that  the 
functions  of  the  lower  centers  lie  outside  of  the  sphere  of  the  mind 


Fio.  21)2. 


Fio.  293. 


Probable  directiun  of  the  cuirentn  and  the 
iH>rv(>u.H  proto|)la«>mic  connections  in  the  cell  of 
the  cerebral  (>ortex.    J,  small  pyramidal  cell; 

large  pyramidal  cell :  f\  If,  polymorphous 
cells ;  K,  terminal  fil)er  coming  from  other 
nerve-centers  ;  /■',  collaterals  of  the  white  mat- 
ter :  (r,  axis-cylinder  bifurcating  in  the  white 
matter.  (Cajal.) 

proper.  But  this  way  of  look- 
ing at  the  subject  does  not  har- 
monize with  known  physiolog- 
ical facts.  It  is  known  that 
areas  may  be  cut  away  from  the 
hemispheres  involving  the  terri- 
tory of  intellectual  consciousness 
without  interfering  with  con- 
sciousness ;  the  will  may  be 
abolished  while  consciousness 
remains.  Hence  we  are  not 
entitled  to  say  that  mind  as  a  unit  has  a  local  liabitation  in  any 
one  part  of  the  enceplialon  but  rather  that  mental  manifes- 
tations depend  on  the  conjoint  acti(m  of  several  jmrts.    If  wx» 


Human  t-ortex  -tain«'<l  with  Weigert's  hti-ma- 
toxvlin  on  th«>  left,  and  h\  (iolgi'<<  mcthtxl  on 
tho  right. 
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will  be  exerted  upon  the  insertion.  Thus  the  dMmge  of  Ibnn  of 
des  makes  it  possible  ibr  tbem  to  perform  medmioal  -wmk  mm  on 
of  the  manifestations  of  the  eneigy  libemled  in  mnsole  metabolinm. 

B.  EirUlIEKATIOH  AHD  OUJUOWmMSmK  OF  TB«B 
KDSOULAR  A0T1V1T1E8  JkBDUlia  IBOH 

OHAHOB  nr  rOBM. 

1.  THE  nnrOLUXTAET  MVICUHL 
a.  Hon-Striated  Inrolnoterj  Mnidot. 

(a)  Character  of  Contractiok. — Slow,  somewhat  piol(Mi|pd 
and  relatively  weak.  Examples:  (iS  Peristaltic  oontraction  of 
walls  of  alimentary  canal  and  of  ducts  of  assooialed  glands, 
(il)  Contraction  of  bladder  in  act  of  micturition,  (m)  Oontmo- 
tion  of  walls  of  blood  vessels,  (iv)  Contraction  of  uterine  walls 
in  act  of  parturition.  ( v)  Contraction  of  ciliaiy  muscles  in  act  of 
accommodation,    (vi)  Contraction  of  the  eredor  pUi  muscles  in 

Cutis  anserina.^^    (vii)  Contraction  of  gland-ducts  in  general. 

(6)  Mechanics  of  Movements  Produced  by  Unstripkd 
Mus(:;le. — In  examples  (i),  (n),  (iii),  (iv)  and  (vn)|  tlie  walls  of 
the  cylindrical  or  subspherical  organs  in  qnestioni  cralraot  upon 
the  more  or  less  fluid  contents  of  the  organs.  There  is  no  lever* 
age  and  no  antagonistic  muscular  action.  The  contraction  pro- 
duces pressure  of  the  wall  toward  the  center  of  the  enclosed  spaoe. 
The  pressure  is  equal  upon  all  equal  areas  of  the  wall  and  the 
tendency  is  to  drive  the  liquid  contents  toward  the  direction  of 
leant  resistance,  toward  the  physiological  outlet  of  the  cavity.  In 
examples  (v)  and  (vi)  the  muscles  contract  against  the  elasticity 
of  certain  tissues  which  oppose  their  action.  During  relaxation 
of  tlie  muscle  the  elasticity  of  the  tissues  restores  the  relations  of 
the  tissues  to  their  usual  |)osition. 

Ik  Striated  Involuntary  Muscle. 

(a)  ThkIIkahtis  a  Striated  Ixvolt'xtary  Muscle. — ^The 
voniracflom  of  the  heart  are  perixfaltic  in  character.  Though  peri- 
stalsis is  soniewliat  obscured  in  the  heart-action  in  higher  vertebrates 
one  lias  only  to  rvfov  to  the  action  of  that  organ  in  lower  vertebrates 
or  in  the  embryonic  life  of  higher  vertebrates  to  be  convinced  of  the 
truth  of  the  statement.  The  character  of  the  contractions  of  heart- 
muscle  (litters  very  much  from  that  of  other  involuntary  muscles  : 
first,  in  the  rapidity  of  the  contractions ;  and  second,  in  the  force  of 
the  contraction.  It  is  probable  that  the  striation  is  the  effect  of  this 
ditterence  of  action  nither  than  its  cause. 

(h)  The  mechanics  of  the  heart-action  are  of  the  same  order  as 
in  the  examples  cited  above,  being  a  wntniction  of  the  vralls  of  a 
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hollow  organ  ujx)!!  the  contents  expelling  them  in  the  direction  of 
least  resistance. 

2.  THE  VOLUNTABY  MUSCLES. 

a.  Muscular  Organs:  The  Tongue. 

A  purely  muscular  organ  like  the  tongue  of  one  of  the  higher 
animals,  the  proboscis  of  the  elephant  or  the  prehensile  upper  lip 
of  the  horse  and  allied  animals,  notably  the  tapir,  present  the 
most  perfect  types  of  universal  motion  in  the  animal  economy. 
The  tongue  may  be  lengthened  or  shortened,  raised  or  lowered, 
swept  from  side  to  side,  or  circumducted  at  will.  The  highly 
mobile  and  prehensile  tongue  of  the  cow  may  even  present  various 
combinations  of  these  movements  in  different  portions  of  the 
tongue.  The  movements  may  be  rapid  and  strong.  From  the 
standpoint  of  mechanics  the  tongue  represents  a  flexible  lever  of 
the  third  class  whose  fulcrum  is  the  base  of  .the  tongue  and  whose 
weight  may  be  represented  l)y  the  tip.  The  power  is  applied  be- 
tween the  fulcrum  and  the  weight  by  the  contraction  of  the  mus- 
cles on  one  side  of  the  lever  to  turn  the  tip  in  that  direction.  The 
central  portion  6f  tlie  lever  would  be  represented  by  the  relaxed 
muscles  on  the  convex  side  of  the  tongue. 

6.  Muscle-bone  Organs :  The  Skeletal  Muscles. 

Muscle  alone  or  bone  alone  could  not  accomplish  locomotion  or 
any  of  the  general  movements  of  the  body.  A  locomotory  organ 
among  the  vertebrates  has  two  essential  components  :  viz.,  muscle 
and  bone.  The  so-called  skeletal  muscular  system  is  a  system 
composed  of  mmc/e-bmie  organs, 

1.  The  General  Functions  of  Muscle-Bone  Organs. — 
(rt)  Flexion  axd  Extension  are  ttTms  applied  to  the  bend- 
ing and  tlie  unbending  of  segments  of  the  bocly  or  of  its  appen- 
dages. For  example,  the  forearm  may  be  flexed  u{xm  the  upper 
arm,  and  then  straiglitened  out  or  extended.  The  fingers  are  flexed 
when  one  grasps  an  object  and  extended  when  one  releases  the  ob- 
ject. The  thigh  may  l>e  flexed  u|X)n  the  abdomen  ;  the  leg  may 
l>e  flexed  upon  the  thigh  and  the  foot  may  l)e  flexe<J  upon  the  leg. 

(/>)  Ai>i)rcTi()N  AND  AHDrc'TioN  are  terms  applied  to  the  car- 
rying of  arms  or  legs  toward  or  away  from  tlie  median  ventral 
plane  of  the  body. 

The  confusion  which  exists  in  the  application  of  some  of  these 
tonus,  esptHMally  of  abduction,  adduction,  flexion  and  extension 
of  arm,  nm\ssitates  their  further  iUustration.  To  that  end  let  us 
recall  the  general  disposition  of  the  muscle-l>one  organs  in  a 
typical  mammal.    (See  Fig.  295.) 

Adduction  is  the  bringing  of  the  femur  or  luimenis  toward  the 
mcMlian  ventral  plane  of  the  l)ody  or  the  bringing  of  a  digit 
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toward  the  axis  of  the  pes  or  the  manus.  Abduction  is^motion 
in  the  opposite  direction.  Man  in  his  erect  position  with  the 
arms  held  in  the  horizontal  plane  laterally  may  bring  them  toward 
the  median  ventral  plane,  keeping  them  in  the  horizontal  plane — 
Ventral  Adduction  of  the  Humerus — or  he  may  bring  them  to  the 
same  median  plane  above  the  head — Anterior  Adduction  of  the 


Fig.  295. 


Flexion  »  ;    Ejctension  ^ ;  Adduction  ^ ;  Abduction  ^ 

Diagram  of  typical  mammalian  skeleton. 


Humerus — or  he  may  bring  them  down  to  the  sides — Lateral  Ad- 
duction of  the  Humerus,  In  a  similar  manner  there  may  be  Pos- 
terior and  Ventral  Adduction  of  the  Thigh  or  Femur,  but,  except  in 
the  case  of  contortionists,  the  hip  joint  will  not  admit  of  lateral 
adduction.  When  the  typical  mammal  stands  upon  all-fours  the 
anterior  and  posterior  extremities  of  one  side  define  a  ventral  plane. 
In  flexion  the  femur  moves  anteriorly  in  that  plane  until,  in  extreme 
flexion,  it  rests  upon  the  abdomen.  The  humerus  in  flexion  move?^ 
posteriorly  in  the  vertical  plane  until,  in  extreme  flexion,  it  rests 
sigainst  the  thorax  or  slides  along  the  thoracic  wall  until  its  axis  ap- 
proaches or  even  passes  a  line  parallel  to  the  axis  of  the  body.  In 
man,  when  in  the  erect  position,  with  the  arms  extended  horizontally 
in  front  (ventral ly)  and  parallel  to  each  other,  the  arms  would  be 
flexed  upon  the  body  by  bringing  them  down  to  the  thoracic  walls, 
keeping  them  in  the  vertical  plane  throughout  the  movement. 

(e)  Rotation. — Certain  joints,  notably  the  ball-and-socket 
joints  at  the  proximal  extremities  of  humerus  and  femur,  admit 
of  a  rotiition  of  the  limb  about  its  axis.  If  one  rests  the  weight 
upon  the  heel  the  toe  may  be  swung  to  right  or  left  through  an 
angle  of  about  90°.  It  is  neither  the  ankle-joint  nor  the  knee- 
joint  which  moves  in  this  case,  but  the  hip-joint,  the  head  of  the 
femur  rotating  readily  within  the  acetabulum  of  the  innominate 
lK)ne.  In  a  similar  way  the  arm  may  be  rotated  u}>ou  its  axis 
through  the  rotation  of  the  head  of  the  humerus  in  the  glenoid 
cavity  of  the  scapula.    Another  rotating  articulation  is  found  be- 
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tween  the  two  bones  of  the  forearm ;  the  radius,  rotating  upon 
the  external  condyle  of  the  humerus,  is  thrown  obliquely  across 
the  ulna  in  pronation  and  drawn  back  parallel  to  the  ulna  in 
mpimition.  Under  the  head  of  rotation  one  may  enumerate  :  (i) 
rotation  proper  ;  (ii)  pronation  and  supination. 

(d)  Circumduction. — All  joints  which  are  subject  to  the  four 
motions,  flexion,  extension,  adduction  and  abduction,  are  subject 
also  to  the  movement  called  circumdudim.  One  may  swing  the 
arm  or  the  leg  around  in  a  circle ;  this  is  circumduction,  and  it 
is  clearly  a  combination  of  the  four  motions  just  enumerated. 
The  muscles  and  nerves  involved  in  such  a  motion  are  simply  a 
combination  of  those  involved  in  the  four  primary  movements 
taken  together. 

What  muscles  are  involved  in  the  above  enumerated  functions  ? 
What  is  the  innervation  of  tlie  muscles  ?  Through  which  spinal 
nerve  does  the  innervation  come  ?  Opposite  which  spinous  process 
is  the  deep  origin  of  the  enumerated  nerves  ?  Whence  comes  the 
blood-supply  of  the  muscles  ?  All  of  these  questions  are  of  im- 
portance to  the  clinician.  They  are  briefly  answered  in  the  fol- 
lowing table,  the  data  for  which  have  been  taken  from  Quain, 
Edinger  and  Gowers : 

2.  Special  Functions  of  Muscle-bone  Organs. — (a)  Motions 
OF  THE  Cranium  Upon  the  Spinal  Column. 


FUNC- 
TION. 


INNERVATION. 


NRRVE 
ROOT. 


SEGMENT  OF  CORD. 


2< 


KectuM  Cap.  Ant.  MiO- 
Rectus  Cap.  Ant.  Min. 
St«ruo-C'ledo.  Mast. 


Rectus  Cap.  I*«»t.  Mi^. 
RectUK  Cap.  Post.  Min. 
Sup,  Oblique 
ComplexuM  Bivent 


SplcDius  Cap.  Colli 
I  pper  {teg.  Tra|)eziuB 


Recti  l^atcralift 

ITrapeziuH 
Spleiiius 


Complex  us 
Bivenl. 

SteriKHMaatoid 


[sterno  MaMtoid 
-(  Coinpl.  Hiv,  of  one 
I    side  acting  with  it. 

r  Re<  t.  (  ap.  Ant.  M^j. 
I  .Si)leniuM 
^  Trachelo  Mast. 

Rect.Cap.  Post.  MaJ. 
Llnf.  Oblique 


Suboccipital 

Spinal  Accessory 
Deep  br.  of  Cerv.  PI. 

Suboccipital 


I  C 

I  II  C 
XI  Oan 

II  C 

IC 


Gt.  Occipital  I  II  C  I 

Int.  Br.  Post.  I>iv.  Cer.  i  ft-7-«C 

Ext.  Br.  Ptmt.  Div.  Cer.  |  2-3  C 

Spinal  Accessory.  XI  CYan 

Ant.  I>iv.  .1-4  C.  I 

Suboccluitml  I C 

Spinal  Accessory  II  C  i 

Ant.  I>ir.  .'t-l  Cerv.  :t-4  C 

Ext.  Br.  Post.  I>i?.  Cer.  2-3  C 

Suboccipital  |   1  C 

(it.  Occipital  !  2C 

Int.  Br.  Post.  Dir.  Cer.  ft-7-8  C 

Spinal  Accessory  II  C 

I>eep  Br.  Cer.  Plex.  2  C 

I>eep  Br.  Cerv.  Plex.  I  2  C 

Sulxiccipital  I  1  C 

(it.  ()c<7fpital  I  2  (' 

Int.  Br.  Post.  Div.  Cer.  :  6-7-8  C 

Suboccipital  '   1  C 

Ext.  Br.  Poat.  Div.  Cer.  2-3  C 


Suboccipital 
(it.  Ociipital 


1  C 

I  2C 


Bet.  Occ  A  At 
Bet.  Ax.  A  Atl. 
Juff.  Foram. 
Boay  2d  Cer. 

Bet.  Occ.  A  At. 


Bet.  Ax.  A  Atl. 
Opp.  bodv  2  C. 
Opp.  4-,'M?  C.  Sp. 
Bet.  Ax.  A  At. 
Jug.  Foram. 
Opp.  1-2  C.  Sp. 

Bet.  (>c.  A  At. 
Jug.  Foram. 
Op.  1-2  C.  Sp. 
Op.  Bod.  2  (1  C.  Sp.] 
Bet.  At.  A  Ax. 
Opp.  Bod.  2  C. 
Op.  4  5, 6  C.  Sp. 
Jug.  Foram. 
Opp.  Bod.  2  C. 

Ol».  Bd.  2  C. 
Bet.  At.  A  Ax. 
Op.  Bd.  2  C. 

C.  Sp. 
Bet  At  A  Ax. 
Op.  Bd.2C.ll  C.Sp.] 

Bet.  At  A  Ax. 

Op.  Bd.  2  (\ 
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(b)  Movements  of  Upper  Arm. 


FUNC- 
TION. 


§2 


INNERVATION. 


NERVE 
ROOT. 


Latissimus  Dorsi 
Teres  Major 
Post.  S$eg.  of  Delt. 
Coraco-brach. 

Pectoralis  Mi^. 
Ant.  &  Mid.  Sg.  Del. 
Coraco-brach. 
Supra-Spinatus 


scapular  !  7  C 
I  Subscapular  I  7  C 

I  Clrc.  Br.  Cerv.  PI.  4-5  C 
I  Musculo  Cutan.       5-7  C 


,  Ant.  Thr.  Br.  C.  PI.  7  C 

:  Circumflex  4-5  C 

I  Musculo  Cutan.  5-7  C 

I  Supra-scapular  5-6  C 


Pect.  M^j.  low  3^ 
Latissimus  Dorsi 
Teres  Mi^. 
Long  lid.  Triceps 
Coraco-brach. 

Ant.  &  Mid.  Sg.  Del. 

Supra-spinatus 

Inrra-spinatus 

Pect  Mttj.  Upjier  Pt. 
until  horizontal 
then  low  pt.  acta 
Subscapularis 
Coraco-brachialls 

Post.  Seg.  Deltoid 
Infraspinatus 
Teres  Mfnor 


Ant  Thoracic 
'  I^.  Subscapular 
I  Muse.  Br.  Subsc 
I  L.  Br.  Circum. 
1  Musculo  Cutan. 


7  C 
7C 
6-7 

4-  7  C 

5-  7  C 


Upper  Br.  Circum.  i  4-6  C 
^  Supra-scapular       |  5-6  C 


I  Ant  Thoracic 
External  and 
I  Interna] 
,  Subscapular 
I  Musculo  Cutan. 

I  Sup.  Br.  Circum, 
Supra-scapular 
Br.  of  Circum. 


7C 


'  4-8  C 
!  5-7  C 

!  4-5C 
I  5-6C 
,  4-5  C 


8EO.  OF  CORD.  I  BLOOD  SUPPLY. 


Bet.  5-6  C.  Sp.  Axillanr 
Bet  5-6  C.  Sp. 
Op.  2-3  C.  Sp.   I  Post  Circum. 
Op.  3  C.  Sp.      I  Brachial 


Bet.  5-6  C.  Sp. 
Bet.  2-6  C.  Sp. 


Axillary 
Ant  Circum. 


Op.  3  C.  Sp.      ,  Brachial 
Bet  4-5  C.  Sp.  1  Post  A  Supra  Sp. 


Bet.  5-6  C.  Sp. 


5-7 
4-5-6 


Axillary 


Brachial 


Bet  2-6  C.  Sp.  Circumflex 
5-6  Post.  Supra  Sp. 

5-6  i    *'  " 


Bet.  5-6  C.  Sp.  i  Axillary 

I 

Bet.  5-6  C.  Sp.  I  Subscapular 
5-6  I  Brachial 


Bet.  2-6  C.  Sp.  '  Post.  Circum. 
5-6  !  Sul»scapular 

5-7  I  Axillary 


((•)  Movements  of  Forearm. 


FUNC- 
TION. 


iinnniVATioN. 


I NERVK 
I  ROOT. 


SEG.  OF  CORD.  I   BLOOD  SUPPLY. 


Biceps 

Brachialis  Ant. 

Supinator  Ix)ng 
Flex.  Car]).  Kad. 
Flex.  Cari>.  I'lnar 
Flex.  Sub.  Dig. 


I  Musculo  Cutaneous  I  5-^  C 

,  Br.  Musculo  Spiral  ;  4-8  C 

I  Br.  Musculo  Cutan. 
Br.  Musculo  Spiral  1  *' 

;  Br.  Muse.  Sp.  Med.'  " 
Ulnar.  i  8  C  1  1 

Muse.  Br.  Median  i  4-8  C 


I  Op.  3  C.  Sp. 
,  Bet  3-6 


I  Brachial 
I  Brachial 


,  Tricci)M 

=  Anconeus 

c  Kxl.  CariK  Ka«l.L<»n>f 

y  '^  Kxt  Carp.  Kad.  IJrev. 
Kxt.  Carp.  I'hiaris 

cs  .  Supinator  Liing. 

.Z  5  Supinator  lire  v. 

r~z  Hic<'p.s 

X  Flex.  Carp.  Uad. 

I'roiia-  Pronator  I'ad.  Trr. 

tiou,  I'ronator  Q"a<lratus 


Musculo  S^iiral 


Post.  luterosseous 


Musculo  Spiral 
post.  Interosseous 
Musoiil<»  Cutauoous 
Me.Uan 

Ant.  Thoracic 
Median 


4-.->  C 


H  (M  1 

r>-s  c 


0|».  3  " 
Bet  3-6  " 
3-6 

Op.  6-7 
Bet.  3-6  " 

1  Brachial 
1  Radial 
>  R&dial 
Ulnar 
1  Ulnar  A  Med. 

Bet.  a-6 

1  Brachial 

1  Brachial 

:m; 

Radial 

3-1) 

Radial 

:i-r. 

Ulnar 

Bet.  \U)  C. 

Sp.  ,  Radial 

3-<; 

Brachial 

3-r, 

Itadial 

1  Rad.  A  riuar, 

Rad.  &  Ulnar 


TU)N. 


((I)   iVIoVKMEXTS  OK  THE  HaND. 


Mi  st  LK.S. 


IXNKKVATIO.N. 


NKKV  K 
ROOT. 


OK  C-ORD.      BLOOD  SUPPLY. 


Fl«'\.  Carp.  Ulnar 
Pahnaris  Hrev. 
Paliuaris  Lonj;. 
I'  in^cr  Flexors 


llnar 

Median 

Median 

Median  Ulnar 


r.xt.Carp.  Kad.  Imu^    Mns(  ulo  Spiral 
Kxt.  Carp.  Pad.  Rrev.   Post.  Intcnc. 
V.W.  Carp.  Ulnaris 
KinK«M-  Uxtcnsors 


S  C  1  I)  Op.  «>-7  C.  Sp. 
4-8  C       Bel.  r>-i) 

sciD  Op.  r,-7 
t-7  c     Pel. ;{-«; 
:;-(•> 


^  Ulnar 

Ulnar.  Rad.  Med, 

Radial 

,  Ulnar 
Ulnar.  Rad.  Med. 
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(f)  Movements  of  Thigh. 


FUNC- 
TION. 


AImIuc- 
tioD. 


Pffoas  Magnus 
IliacuH 

Adduct.  LoDK- 
Adduct.  Brevis. 
Sartorius 
Pectincus 
Gracili.'< 

RectUM  Fexuorifl 
TeuHor  Vaj<.  Fern. 

(tluteiis  Max. 
CrluteuH  Med. 
(ilutoiKH  Min. 
BicopM  Fern. 
.SMiiinu'inhrancMus 
Semitor  l)iii<Mii.<< 

Adduct.  MaK. 
Addui't.  \Am\^. 
Adduct.  Brev. 
Poctineu!« 
Gracilis 

(ilut.  Modius 
Glut.  Minimum 
Tens.  Vag.  Ffiu. 


Pyrif«»nuiH 
e  ^      (ifnu'lli  iuf.  ct  Su^». 


IXKKRVATION. 


1-2  Lumbar 
,  Ant.  Crural 
I  Obturator 

Obturator 

Ant.  C  rural 

Ant  Crur.  A  Obt, 
I  Ant.  Crur.  A  Obt. 

Ant.  Crural 

Supt.  (iluteal 


XKRVK 
I  ROOT. 

a-4  L 
6  L 
1-4  L 

6L 
Above 


8EO.  OF  CX>SD.     BLOOD  SUPPLY. 


Op.  11  D.  Sp. 
Bet.  11-12 
Op.  12 

Bet.  11-12 
At»ove 


1-4  L     Op.  1  L.Sp. 


Sup.  (tluteal  S.  Sc.    Al>ove  AlM>ve 


Sup.  < ilut,  Br.lit.Sc.  1-4  L 
'*  "  Above 


Ant.  Cniral 
Obturator 


See  above 


Br.  from  Sacral 


cr  Obturator  int.  et  Kxt.  Olwt.  A  Br.  fnmi  Sc.  1-4  L 
—  5      QuadratuN  FemoriM     Tith  humb.  Int  S4*. 


AlK)ve 


A*K)ve  AlMive 


1-4  L     Op.  1  L.  S|>. 


I  Ilio  Lumb. 
'  Obt.  (flut. 
Ob.  01.  Int.  C. 

'  Br.  Prof.  Feni. 
Ob.  Gl.  Int.  C. 

'  Br.  Prof.  Fem. 
Ext.  Circum. 

Scitaic.  (ilut. 
Prof.  Fem. 


Ob.  GI.  Int.  C. 


Gluteal. 
Ext.«Circuni. 


Botat'n  (ilut.  MeiKant.  bun.) 
inw'd.    (ilut,  Min.  *' 


;  aUtve 


(/)  MOVKMKNTS  OF  LE(;  AND  Fo()T. 


MUM  LKS.  INNERVATION.        ^I'^^J^    ^Eii.  OF  *  ORI>.      BLOOD  ^^l•|•|»LY. 


:  2 

BicejM«  Fcni«irif» 

S(>minieni)»raiioNiN 

Senliteudin(»^ill 

PopliteuN 

(iracillM 

Sartoriun 

(tu.«tr(K'nt'niiuH 

Suj>.  (ilut.  S.  Sola, 

Int.  Popliteal 
Obt.  Br.  (it.  Sciat. 
Ant.  Cniral 
Int.  Popliteal 

2-i\  L 

»-4S 
Abv. 

r>  L 

Abv. 

( )p.  1  L.  Sp. 

Prof.  FemoriM 

Pr.Fem.  Pont.Tb. 
Pn)f.  Fem. 
Popliteal 
Pom.  Tib. 

u  z 

Bwtuf*  FcnioriM 
Vjisluf*  KxtcrnuN 
VuslU"*  Interuuit 
Crureui* 

Ant.  Cniral 

Abv. 

Bet.  n-12. 

Prof.  Fem. 

.\iia>t.  Mag. 
Pop.  Pro.  Fem. 

Tibiali>  AnticuM 
IVroncu<«  TertiuH 
Kxt.  I^»iiK.  IMf;. 
Kxt.  Prop.  IfalluciuH 

Ant.  Tibial 

Abv. 

Bet.  11-12. 

Ant.  Tibial 
Penmeal 
Ant.  Pen»n. 
Ant.  Tibial 

L  z 

i! 

(iu^tnK'nemiuit 
S»lcuf« 

Tibiali-*  IW. 
I'crtuu'UH  LttUKUM 
IVroiHMiH  Hn'viH 
PlantariH 
Flex.  L<aiK.  IMk. 

Int.  Popliteal 

PoM.  Tibial 
Mum'ulo  Cutan. 

Int.  Poplitt^al 
Pojtt.  Tibial 

Abv. 

1-2  L 

■*■•?. 

Abv. 

Bet.  11-12. 

IVwt.  Tib. 
Peroneal 
PoHt.  Tib. 
Peroneal 

Po«t.  Tib. 

Tibittii?*  P.wticuH 
PcroncUH  Brevix 

p.M.t.  Tibial 
Mu«<  ub»  Cutan. 

Abv. 

11-12. 

PtiHt.  Tib. 
Peroneal 

3  ^ 

Kxt.  I^iUK.  Halluriu>« 
TibluIiM  AnticuH 

Ant.  Tibial 

Abv. 

IM.  11-12. 

Ant.  Tibial 
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In  the  compilation  of  the  above  table  it  was  found  that  the 
statements  of  Gray^  Quain  and  other  anatomists  do  not  agree  as 
to  the  function  of  particular  muscles.  In  all  such  cases  the 
author  has  accepted  the  authority  of  Duohennef  whose  classic 
work,  '^Physiologic  des  MouvementSy^  still  remains  without  an 
equal. 

3.  Animal  Mechanics. — ^Animal  mechanics  is  the  applica- 
tion of  the  laws  of  mechanics  to  animal  motion.  The  bones  are 
used  as  levers ;  the  articular  surfaces  of  bones  usually  serve  as  ful- 
crums,  while  the  power  is  exerted  by  the  muscles.  In  a  vast  ma- 
jority of  cases  the  bones  represent  levers  of  the  third  class — ^in 
which  rapidity  of  motion  is  attained  at  the  expense  of  power.  In 
other  words,  the  arrangement  of  the  bone-muscle  organs  is  such 
that  a  contraction  of  a  muscle — ^moderate  in  extent  and  rate  of  mo- 
tion— is  manifested  by  a  movement  of  the  limb  which  is  much  in 
excess^  as  to  extent  and  rate^  of  the  movement  of  the  power. 

In  solving  problems  in  animal  mechanics  the  principal  factors 
to  be  considered  are :  (i)  the  relative  length  of  the  two  lever-arms ; 
(ii)  the  "relative  size  of  the  muscles  involved  in  any  movement ; 
(in)  The  direction  in  which  the  power  acts,  and  (iv)  the  weight 
to  be  moved. 

(a)  PROBLEM8  IN  Animal  MECHANICS. — ^Two  typical  problems 
in  animal  mechanics  are  the  following  :  ^ 

1.  Determine,  in  a  particular  case,  the  tension  exerted  upon 
the  tendo-Achillis  in  supporting  the  weight  (60  kilograms)  of  the 
subject  upon  the  ball  of  the  foot. 

2.  How  much  tension  would  there  be  on  the  biceps  tendon  in 
the  subject  upon  your  dissecting  table  when  he  holds  a  ten-kilo, 
iron  l)all  in  the  most  advantageous  iK)sition  ?  This  is  a  typical 
problem  and  its  solution  will  make  the  difficulties  to  be  encoun- 
tered apparent.  It  will  also  show  that  nothing  more  than  an  ap- 
proximate solution  can  be  attained  without  an  extended  and  de- 
tailed study. 

Solution. — The  principal  muscle  involved  in  the  required 
action  being  the  biceps,  the  most  advantageous  position  is  the  one 
in  which  that  muscle  exerts  its  ix)wer  in  a  line  perjiendicular  to 
the  lever.  Phicing  the  subject's  arm  as  nearly  as  possible  in  that 
tX)sition,  one  takes  the  following  measurements :  (i)  The  long 
arm  of  the  lever  ;  this  would  be  from  the  center  of  articulation  be- 
tween the  humerus  and  the  ulna,  to  the  center  of  the  10-ko.  ball, 

*B()th  of  the  problems  stated  above  are  problems  in  ^^mu-xk  ttatia.**  Such 
])roblenis  deal  with  tension  upon  muscles  when  the  limb  is  in  a  certain  fixed  posi- 
tion. There  are  much  more  complicated  problems  which  deal  with  the  enetvy  ex- 
ertetl  in  a  more  or  less  complex  movement  when  the  leverages  and  angles  or  ten- 
sion are  coastantly  varying.  Such  problems  in  ^^rnu^e  dynamics**  can  only  be 
solved  by  the  application  of  higher  mathematics.  Otto  i'wcA^r,  of  Leipzig^,  has 
done  much  to  throw  light  upon  this  lield  of  physiology.  See  his  BeUrdge  tur 
Muskel'Statik'*  ;  also    Be  it  rage  zu  einer  Muskel'iiynamiic, 
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which  would  be,  approximately,  to  the  distal  extremities  of  the 
metacarj)al  bone  (36  cm.),  (ii)  The  short  arm  of  the  biceps  lever ; 
this  would  be  the  distance  from  the  center  of  the  insertion  of  the  bi- 
ceps to  the  fulcrum — ^the  center  of  articulation  (6  cm.),  (in)  The 
short  arm  of  the  lever  for  the  Brachialis  anticus.  If  the  Brachi- 
alis  anticus  were  exactly  parallel  to  the  Biceps  the  short  arm 
would  be  the  distance  from  the  insertion  to  the  fulcrum  (5  cm.),  as 
in  the  l)iceps ;  but  it  is  not  parallel. 


Fio.  296. 


C 


Mec'hunicM  of  flexiou  uf  the  forearm.    [The  u)ipt>r  a  is  to  l»e  undenttoiMl  as  a'.] 

A  line  drawn  from  the  fulcrum  j)erpendicular  to  the  axis  of  the 
Brach.  ant., /a',  is  shorter  than  the  line  fa.  The  angle  between 
the  Brachialis  anticus  and  the  Biceps  is  approximately  10°  ; 
therefore  the  angle  a  fa^  would  l)e  appmximately  10°;  then  /  is 
the  cosine  10°  or  98  per  cent,  of  the  radius  <i  f  (5  cm.)  or  4.9  cm. 

(iv)  The  power-arm  of  the  Supinator  longus  is  the  per{)endic- 
ular  distance  from  the  fulcrum  to  the  line  of  force*  ot  the  Supinator 
longus  and  is  repn'sent(»d  by  the  line/  which  is  4.S  cm.  Now 
the  carpal  and  digital  flexors  which  take  origin  from  the  humerus 
act  as  forearm  flexors  after  having  flexed  the  carpus  and  digits.  In 
tlie  a<'tioii  under  considenition  they  would  not  l>e  brought  into 
forcible  a(!tion  as  carpal  and  digital  flexors.  We  may  therefore 
ignon^  them  and  confine  our  discussion  to  the  three  muscles  men- 
tion ik1  al)ove. 

In  tlie  action  of  the  Bi(;(»ps  the  long  arm  is  36  cm.  and  tlie 
short  arm  6  cm.;  in  the  action  of  the  Bnich.  Ant.  the  long  arm 
is  36  cm.  and  the  sh<»rt  arm  4.9  cm.;  in  the  action  of  the  Sup. 
Long,  the  long  arm  is  36  cm.  and  the  short  arm  4.8  cm.  Ke- 
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ducing  these  to  per  cent,  ratios  we  have  :  For  the  Biceps,  which 
we  will  designate  as  b,  16.6  per  cent,  leverage;  for  the  Brach. 
ant.,  which  we  will  designate  as  a,  13.6  per  cent,  leverage;  and 
for  the  Sup.  long.,  which  we  will  designate  as  «,  13.3  per  cent, 
leverage. 

But  there  is  another  important  consideration  :  Tick  has  dem- 
onstrated that  when  the  fibers  are  parallel  the  strength  of  two 
muscles  is  proportional  to  the  areas  of  their  cross  sections  [Her- 
mann-ft  Hamlbuch  der  Physiolo^ie,  I.,  p.  295).  The  average  ratio 
of  the  diameter  of  the  three  muscles  in  question  is  4  :  2  : 1  respec- 
tively ;  but  the  areas  of  the  cross  sections  would  be  proportional 
to  the  squares  of  the  diameters  or  as  16:4:1,  respectively.  This 
means  that  with  the  same  leverage  the  Biceps  would  lift  four  times 
as  much  as  the  Brachialis  anticus  and  tliat  the  Brachialis  anticus 
would,  with  the  same  leverage,  lift  four  times  as  much  as  the  Supi- 
nator longus. 

We  have  now  discussed  the  relation  of  these  three  factors  as  to 
leva^ige  and  as  to  relative  pouter  exerted. 

As  to  leverage  one  may  say  :  The  power  of  the  three  muscles 
varies  in  proportion  to  biceps  leverage  (b[) ;  brachialis  autieus 
leverage  (a/) ;  supinator  longus  leverage  (si)  resjiectively,  or 
mathematically  expressed,  P  varies  as  hi  :  cd  :  si  or  varies  as 
16.6  :  13.6  :  13.3.  As  to  cross  section  one  may  say  :  The  power 
varies  in  proportion  to  the  respective  cross  sections  (s)  or  P  varies 
SiS  bs  :  as  :  88  =  16:4:  1.  Now  when  any  function  varies  with 
two  or  more  variable  factors,  its  variation  wlien  influenced  by  the 
action  of  all  of  these  factors  at  once  would  be  represented  by  the 
product  of  the  several  variables.  Then  the  power  varies  as  the 
leverage  times  the  cross  section  of  each  of  the  muscles  when  all  act 
together,  or  expressed  mathematically,  P  varies  as  h{lxx)  :  a{lxi<) 

h{/xs)  =  l().Gx  16  =  265.6  or  79.7  of  the  total  jKnver  ex- 
erted ;  ^^(/x-'?)  =  13.6  X  4  =  54.4  or  16.3'/.  of  the  total  power 
exerted;  s{/xf^)  =  13.3x1  =  13.3  or  4.0  ^/c  of  the  total  power 
exerted  ;  total  =  333.3  or  100.0  f  . 

But  the  weight  su])ported  by  the  action  of  these  nniseles  is 
10  kilos.  If  the  biceps  does  79.7  /  of  the  total  work,  it  would 
su])port  7.97  kilos.  AVhat  would  be  tension  upon  the  tendon  of 
the  biceps  Avhen  it  is  supporting  7.97  kilos,  at  the  end  of  its  lever? 
One  needs  only  to  use  the  16.6  leverage  (7.97  !().<) '/  )  to  find 
that  the  tension  would  be  47.8  kilos.  A  similar  process  shows 
that  the  approximate  tension  uix)n  the  tendon  of  the  Brachialis 
antieus  is  12  kilos,  and  upon  the  tendon  of  the  Supinator  longus 
3  kilos. 

(h)  The  A.MorNT  ok  Contraction  of  a  Mi  scle  bears  a  fairly 
constant  ratio  to  the  resting-length  of  the  muscle.    This  law  of 
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musde  phjrsiology  was  discovered  and  demoDstrated  by  Ed.  Fr. 
Weber  A  der  memchlichen  Gehwerkzeuge^'  1851)  and  was 

cited  by  Strasser  ^  Funktionellen  Anpassung  der  Quergestreifien 
ifuskeln,  1883)  as  an  example  of  the  adaptation  of  muscle-tissue  to 
the  mechanical  requirements  of  the  body.  Weber  showed  that  the 
maximum  contraction  of  which  a  muscle  fiber  is  capable  is  ap- 
proximately 47  ^  of  its  resting-length.  Both  Weber  and  Strasser 
looked  upon  this  as  the  factor  which  determines  the  length  of  the 
muscles,  and  the  location  of  their  points  of  origin  and  insertion. 
In  all  of  the  skeletal  muscles  the  tension  of  the  contracting  mus- 
cle is  greater  than  the  weight  lifted.  The  farther  the  insertion  of 
a  muscle  from  a  joint  (fulcrum)  the  less  the  tension  upon  the  mus- 
cle and  the  greater  the  amount  of  contraction  or  shortening  neces- 
sary ;  but  the  inherent  structure  of  striated  muscle-tissue  seems  to 
set  47  ^  as  the  limit  of  the  extent  of  its  contraction.  The  fact 
that  all  skeletal  muscles  actually  do  contract  that  much  (varying, 
however,  in  special  instances  from  44  ^  to  62  ^^)  indicates  that  the 
position  of  the  origin  and  insertion  or  the  length  of  muscle-tissue 
(excluding  tendon)  between  the  origin  and  insertion ;  or,  more 
likely,  that  both  of  these  sti^udural  features  have  been  deterrtiined  by 
the  laics  of  selection  and  now  represent  in  all  highly  organized  ani- 
mals the  most  perfect  mechanical  adjustment  consistent  with  the  inhe- 
rent properties  of  muscle  tissue. 

(c)  Problems  in  Human  Lckx)MOTION. — (a)  The  muscles  used 
in  locomotion.  Let  a  ^lerson  stand  erect  with  heels  together  ;  let 
him  take  several  steps  forward  and  stop  in  a  position  similar  to 
the  one  which  he  had  at  the  l^eginning.  What  is  the  mechanism 
of  starting  f  What  muscles  are  involved  in  starting  ?  What  is 
the  mechanism  of  locomotion  f  What  muscles  are  involved  in 
locomotion  ?  What  is  the  mechanism  of  equilibration  while 
walking  ?  What  muscles  are  involved  in  maintaining  the  equil- 
ibrium while  walking  ?  What  is  the  mechanism  of  stopping  t 
What  muscles  are  involved  in  stopping  ?  How  is  the  equilibrium 
maintained  during  the  process  of  stopping  ?  What  muscles  are 
involved  in  the  maintenance  of  equilibrium  while  standing? 
How  does  running  differ  from  walking  in  respect  to  the  starting, 
the  locomotion,  the  equilibration  and  the  stopping  f 

(fi)  The  energy  involved  in  locomotion.  How  far  is  the  l>ody 
lifted  at  each  step  when  one  walks  over  a  level  surface  ?  When 
one  walks  up  an  incline  of  30  degrees  ?  When  one  walks  down 
an  incline  of  30  degrees  ?  Does  one  do  work  while  walking 
down  hill  ?  If  so,  how  may  it  Ix;  computed  ?  If  not,  why  does 
one  lx»corae  fatigued  in  descending  an  incline  ?  How  much 
energy  will  a  70-kilo.  man  expend  in  walking  1  kilo,  on  a  level 
road  ?  (Suppose  the  man  to  Ik*  172  cm.  in  height,  and  to  have 
a  j)ubic  height  of  88  cm.)  A  part  of  the  energy  will  be  ex- 
39 
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ponded  :  (i)  in  lifting  the  body  ;  (ii)  ajjart,  in  maintaining  equil- 
ibrium ;  (in)  a  part  in  overcoming  resistance.  Express  in  kilc- 
(fram'mdevH  the  amount  in  (i).    How  could  (ii)  be  determined? 

(\  SPECIAL  MUSCULAB  ORGANS:  THE  LASYNX. 
1.   SUMMABT  OF  THE  ANATOMY. 

From  the  standpoint  of  the  physiologist,  the  following  anatom- 
ical facts  are  imjwrtant  : 

a.  The  Skeleton  of  the  Larjmx. 

The  skeletal  foundation  of  the  lar\'nx  consists  of  nine  cartilages, 
of  which  five  arc  physiologically  important: 

1.  The  Thjrroid  Cartilage. — This  is  the  largest,  and  it  gives 
to  the  larynx  its  specific  shape.  The  prominent  anterior  asi)ect 
of  this  cartilage  may  be  felt  in  the  throat.  The  flattened  sides 
make  it  evident  that  a  cross  section  of  the  larynx  would  reveal  for 
the  thyroid  a  triangular  outline,  with  apex  forward.  The  pos- 
terior segment  is  absent. 

2.  The  Cricoid  Cartilage. — This  is  a  complete  ring  fitted  in- 
side and  below  the  thyroid,  to  whose  inferior  cornea  it  is  artic- 
ulated laterally.  The  anterior  aspect  of  the  cricoid  is  narrow 
while  the  posterior  asj)ect  is  wide,  coming  well  up  into  the  thyroid 
space. 

The  Ar3rtenoid  Cartilages. — These  cartilages  are  attached 
to  the  u])iK'r  i)osterior  margin  of  the  cricoid  cartilage.  The  gen- 
eral outline  of  one  of  these  cartilages  is  approximately  triangular, 
and  the  articulation  is  such  as  to  allow  the  cartilages  to  rotate 
around  an  axis  parallel  to  the  axis  of  the  larynx,  moving  in  a 
plane  at  right  angles  to  the  axis  of  the  larvnx.  AVheu  the  aryte- 
noids are  in  a  ])osition  of  rest,  one  side  coincides  approximately 
with  the  aiitero-])osterior  line  of  the  larvnx.  The  anterior  angle 
serves  for  the  attachment  of  the  vocal  cords  and  is  called  the 
Pi'inuHHiiH  rocftlis. 

The  nxis  of  rotation  of  the  two  arvtenoid  cartilages  is  displace- 
ahle. 

\.  The  Epiglottis. — This  is  a  thin  spatulate  cartilage,  above 
the  anterior  sup(»rior  margin  (if  the  thyroid  ;  its  principal  function 
seiMus  to  he  the  protection  of  the  larvnx  durinir  deghitition. 

/).  The  Muscles  of  the  Larynx. 

ThiTc  iivc  five  nuHoles,  or  ]):urs  of  muscles  which  are  impor- 
tant to  the  physiologist. 

1.  The  Transverse  Arytenoid  Muscle. — This  ])asses  from 
one  arytenoid  cartilage  to  the  other.  Its  contraction  tends  to 
draw  these  bodies  toward  the  median  line.    (See  Fig.  21)7,  A,) 
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2.  The  Posterior  Orico-arytenoids. — Each  of  these  two  mus- 
cles has  its  origin  on  the  cricoid  cartilage.  After  passing  upward 
and  outward  each  is  inserted  into  an  arytenoid  cartilage.  Con- 
traction of  these  muscles  tends  to  rotate  the  arytenoid  cartilages 
upon  their  axis,  so  that  the  proci'ssm  vocaUs  is  abducted,  ( See 
Fig.  297,  P.C.A.) 

3.  The  Lateral  Crico-arytenoids. — The  origin  is  on  the  inner 
lateral  aspect  of  the  cricoid  cartilage.  Passing  upward  and  back- 
ward, each  is  inserted  into  the  outer  aspect  of  the  corresix)nding 
arytenoid.  Contraction  of  these  muscles  tends  to  adduct  the  pro- 
eejism  vocaiis.    (See  Fig.  297,  L.C.A.) 

4.  The  Thjrro-arytenoid  Muscles  arise  from  the  inner  ante- 
rior aspect  of  the  thyroid  and  pass  directly  back  in  the  plane  of 
the  voi*al  cords  to  be  inserted  into  the  outer  anterior  side  of  the 
arytenoids.  Contraction  of  the  thyro-arytenoids  alone  would  ad- 
duct. This  pair  of  muscles  is  involved  especially  in  the  fijciny^^ 
of  the  arytenoid  eartHages, 

o.  The  Orico-thjrroid  Muscles  arise  on  the  lower  ixxsterior 
part  of  the  thyroid  cartilage,  externally,  and  pass  downward  and 
forward  to  be  inserted  into  the  cricoid  cartilage.  Contraction  of 
these  nuiscles  lifts  the  anterior  segment  of  the  cricoid  cartilage, 
or  at  least  draws  the  anterior  segments  of  the  thyroid  and  cricoid 
cartilages  nearer  together.  The  result  of  this  is  to  carrj-  the  up- 
per posterior  margin  of  the  cricoid  cartilage  farther  away  from 
the  upper  anterior  part  of  the  thyroid  cartilage.  In  other  words, 
to  increoi^e  the  distance  betwem  the  two  points  of  attachment  of  the 
vocal  cords.    In  other  words,  they  are  tensors  of  the  cords. 

c.  The  Innervation  of  the  Larynx. 

((t)  TiiK  Sensory  Nerve  of  the  larynx  is  the  sujM*rior  laryn- 
(feat  bninch  of  the  vagus. 

(/>)  The  Motor  Innervation  \^  thvow^h.  t\\cJnferior  laryngeal 
for  all  the  muscles  except  the  Crico-thyroid,  /.  e.j  the  tensors  of 
the  cords.  These  muscles  are  innervated  by  the  superior  larj'n- 
geal.  From  this  it  is  clear  that  with  loss  of  sensation  of  the 
larynx  there  is  loss  of  j)roj)er  phonation. 

2.  THE  MECHANICS  OF  THE  LABTNX. 

In  the  diagrammatic  represi^ntation  of  the  larynx  as  sei^n  from 
above,  /.  e.,  in  line  of  its  axis,  note  esiK^cially  the  following 
features  : 

7:  e.=  Thyroid  cartilage. 

N.  <^  1 71    =  Superior  cornu  of  the  thyroid  cartilage. 
( \( \=Vv\cini\  cartilage,  posterior-8U{>erior  as|HH't. 
A.C,  =  Arj'tenoid  cartilage. 
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'r,=  Axi*  of  ardcnladoQ  of  an  anrreoo!*!  cartibge. 
TU,=  Thyrr>-arvteDOid«i«  mawrie. 

P/!.A.=  Po»t.  Crico-arTtenoiden?- 
L.CA.=  I^t*-Tal  Criw-arvUrii-Hdeiis  muscle. 
ry/,  77«^  r/y^//  ff,ffh  are  attacbed  anteri-^»rly  to  the  inner  sur- 
face of  the  upper  anterior  segment  of 
Tif,.  i5<7.  the  thyrwd  cairtilage  and  po^tmorly 

to  the  proce&?iL?  vocali>  of  the  two 
arytenoid  cartilages,  respectively. 

Frr>m  the  figure  given  it  would 
ffeem  that  the  Arytenoideus  and  Pos^ 
terior  Crico-arytenoidei  would  act 
together  in  mtating  the  arytenoid 
cartilage  alx>nt  the  axis  x  in  the  direc- 
tion of  the  arrow  n.  Also  that  the 
lhyrr>-arytenoidei  and  the  lateral 
crico-arytenoidei  would  act  together 
in  the  reversed  rotation  as  indicated 
by  the  arrow  h  ;  furthermore,  that 
the  first  action  would  tend  to  sepa- 
M«yr«iD  of  mu^ri*^  of  larynx.      ^tc  the  vocal  cords,  whilc  the  second 

would  approximate  them. 
But  tlii«  i?*  only  a  part  of  the  truth.    The  axis  of  rotation  of 
tin;  aryt^?noid  (•artilages  are  not  fixed  ;  they  are  dwpfaceable. 


Fig.  298. 


Iiiimrain  showiiij;  tin;  action  of  the  laryii>.M  al  muscle!'. 


1.  The  Abduction  of  the  Glottis. — In  tho  three  diagram- 
mnlir  figures  (  Kijr.  1><J8,  A,  //and  <'')tlic  eontimious  lines  represent 
the  larvnx  nf  rest;  i.  r.^  in  the  position  which  the  parts  assume 
thirinj^  (piiet  breathing.    Fig.  298,  A,  shows  in  the  dotted  lines 
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the  position  produced  by  a  contraction  of  the  posterior  crico-ary- 
tenoid  muscles.  The  arytenoid  cartilages  have  been  rotated  out- 
ward, the  axes  have  been  displaced  outward,  and  the  opening  has 
changed  from  triangular  to  pentagonal.  This  position  is  assumed 
in  deep  inspiration.  These  muscles  are  sometimes  called  abdm- 
tors  of  the  glottis,  because  they  separate  the  lateral  boundaries  of 
the  glottis  from  the  median  line. 

2.  The  Adduction  of  the  Glottis. — Adduction  of  the  lateral 
boundaries  of  the  glottis  may  be  accomplished  in  two  ways  : 

(a)  Adduction  by  Rotation  of  the  arytenoid  cartilages  on 
their  axes  and  approximation  of  vocal  cords  alone.  This  is  done 
by  the  Thyro-arytenoidei  muscles  acting  or  in  conjunction  with  the 
lateral  crico-arvtenoidei. 

(b)  Adduction  by  Displacement  of  the  arytenoid  cartilages 
toward  the  miKlian  line,  by  the  contraction  of  the  Arytenoidem 
muscle,  supplemented  by  the  Thyro-arytenoidei  and  the  lateral 
CricO'Urytenoide!,  The  action  of  the  last  muscles  being  clearly  to 
overcome  the  tendency  of  the  Arytenoideus  to  rotate  the  tips  of 
the  cartilages  outward.  This  second  form  of  adduction  com- 
pletely closes  the  larynx,  and  the  groups  of  muscles  which  per- 
form the  act  are  often  called  the  Sphincters  of  the  Larynx, 

The  Tension  of  the  Vocal  Cords  necessary  to  the  produc- 
tion of  sound  is  brought  about  by  the  combined  action  of  the  ad- 
ductors (6),  which  simply  approximate  the  cords,  and  the  Crico- 
thyroidei,  whose  contraction  brings  the  ventral  edges  of  the  cricoid 
and  thyroid  cartilages  nearer  together,  separates  their  dorsal  as- 
pects and  thus  puts  the  vocal  cords  on  the  stretch. 

4.  The  Levers  of  the  Larynx  are  levers  of  the  first  chiss. 

3.  THE  ACOUSTICS  OF  THE  LABTNX. 

The  larynx  is  a  musical  instrument  supplied  with  a  device  for 
fitting  the  air  into  vibration.  The  air  thus  set  to  vibrating  is 
not  simply  the  air  that  is  being  emitted  from  the  respiratory  or- 
gjuis,  but  the  air  which  fills  the  air  passages  of  the  lungs.  Even 
the  tissues  of  the  chest  and  head  particijmte,  to  a  limited  extent, 
either  as  resonating  or  as  reflecting  surfaces.  The  rate  of  vibra- 
tion is  determined  wholly  by  the  vocal  cords  acting  as  vibrating 
^strings.  The  pitch  of  voice  de])eiids,  then,  solely  ui)on  the  vocal 
cords,  while  the  timbre  or  (juality  deiH»nds  upon  the  sizxi  of  the 
chest  and  the  size  and  sjwch*  relations  of  those  parts  of  the  respi- 
ratory passiiges,  including  the  mouth,  external  to  the  vocal  cords. 

How  does  the  pitch  of  tin*  voice  vary  ?  We  have  only  to  apply 
the  laws  of  the  transverse  vibrations  of  strings  to  the  solution  of  the 
])ml)lem.  If  we  let  /  cijual  the  length  of  the  string,  r  its  radius, 
//  its  density,  t  the  tension  with  which  it  is  stri'tched,  and  N  the 
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number  of  vibrations  per  second,  we  would  have  the  following- 
formula  (for  derivation  see  Physiologieal  Acoustics)  : 

Now  Tt  and  2  may  be  discarded  when  we  express  it  as  a  variable^ 
so  we  would  have : 


(2)  varies  as 


We  see,  then,  that  the  number  of  vibrations  per  second,  t.  e.,  the 
pitch  of  the  voice,  depends  upon  four  variables,  and  we  may  ex-» 
press  them  separately  thus : 

(i)  N  varies  as  ^        ;        (ii)  N  varies  as  y  • 

(ni)  iV  varies  os  y/t      ;        (iv)  A' varies  as^^  * 

These  laws  apply  to  the  human  voice  in  the  following  manner  : 
(a)  The  pitch  varies  inversely  as  the  radius  of  the  vocal  cordy 

I  N  varies  ^  ~  radius  of  the  vocal  cord  varies  with  (i). 

agcy  becoming  thicker  with  advancing  age ;  (ii)  with  sex,  beings 
thinner  in  females  than  in  males ;  (iii)  besides  these  general  vari- 
ations of  pitch  which  depend  upon  age  and  sex  there  are  individ^ 
uorl  differences  which  lead  to  difference  of  pitch  in  two  persona 
of  the  same  age  and  sex. 

(f3)  The  pitvh  varies  inversely  as  the  length,  ^     varies  ; 

The  length  of  the  vocal  cords  vary  with  (i)  age,  for  they  take  a. 
part  in  the  general  body  growth.    They  vary  also  (ii)  with  sex, 
reaching  in  the  average  man  a  length  of  15  mm.,  while  in  women 
they  are  but  1 1  mm.  in  average  length. 

(;')  The  pitch  varies  as  the  sipuire-root  of  the  tension,  (.V  varies  as 
1).    The  tension  varies  solely  with  the  muscular  activity  or 
the  muscles  of  phonation.    (Sec  above.) 

It  may  1x3  interesting  to  note  here  that  in  raising  the  pitch  of 
the  voice  voluntarily  from  any  chosen  key-note  to  its  fifth,  whose 
number  of  vibrations  would  represent  the  ratio  |  when  compared 
with  the  key-note,  it  would  require  a  tension  of  |,  the  original 
tension,  or  *1\  times  the  original  tension  to  ])roduce  1  \  times  the 
original  numl>erof  vibrations  i)er  second,  or  to  raise  the  pitch  from 
do  to  HoK  From  tliis  it  is  evident  that  the  production  of  high 
notes  must  be  a  severe  physical  tax  upon  the  muscles  of  ])honation. 
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(d)  Pitch   varies  inversely  as  the  sjuare  root  of  the  demity, 

varies  as^^  )  •    But  in  the  human  vocal  cords  there  is  no 

essential  variation  in  the  density  of  the  vocal  cords  with  age,  sex 
or  other  variable  factors  so  that  this  law  does  not  apply  to  the 
larynx  though  it  does  to  other  musical  instruments. 

4.  THE  VOICE:  PHONATION. 

Man  possesses  the  function  of  phonation  in  its  highest  form. 
All  animals  which  possess  a  voice  are  able  to  use  it  in  expressing, 
to  their  associates,  the  various  emotions  and  jiassions  which  move 
the  animal  mind.  In  most  of  the  higher  mammals  phonation 
takes  on  two  forms  :  (i)  articulate  phonation,  in  which  the  voice 
comes  in  short  vowel  tones  with  consonants  marking  the  beginning 
of  the  tone  (the  dog's  "  bow-wow,"  the  cat's  "  meaow,"  the  cow's 
"m("K)").  These  are  all  words;  they  are  used  to  express  the 
passions,  the  emotions,  or  the  desires  of  the  animals.  Man  pos- 
sesses a  series  of  these  monosyllabic  race  words  which  take  the 
form  of  exclamatory,  grunts,  cries,  shrieks,  cooings,  guffaws,  etc., 
through  which  every  passion  of  the  human  soul  is  instantly  made 
known  to  every  member  of  the  genus  Homo  within  range  of  the 
voice.  Most  races  have  developed  articulate  phonation  into  a 
complicated  succession  of  articulated  sounds  called  f<peech  through 
the  agency  of  which  various  shades  of  meaning  may  be  commu- 
nicated to  one's  associates,  and  a  sustained  and  continuous 
succession  of  ideas  be  communicated  to  the  hearers,  (ii)  Un- 
articulated  continuous  phonation  or  song,  used  primarily  in  the 
expression  of  the  more  j)leasurable  emotions,  also  of  pathos. 

a.  Speech. 

The  highest  form  of  articulate  phonation  is  called  speech.  The 
simplest  existence  of  a  member  of  civilized  society  recjuires  of  an 
individual  a  vocabulary  of  ;]00  to  500  words  in  the  expression 
of  his  tliouglits, — emotions,  desires,  etc.  Some  individuals  use 
in  tlie  course  of  a  year  many  thousand  different  words  in  the  ex- 
pression of  their  thoughts.  The  full  vocabulary  is  no  greater 
tax  ui>on  the  vocal  apparatus  than  is  the  scanty  one  because  no 
one  language  possesses  more  than  .*U)  to  50  different  elementary 
sounds  ;  and  words  represent  various  combinations  of  these  ele- 
mentary sounds.  Elementary  sounds  are  made  :  (i)  either  with 
open  orgaus  of  articulation,  and  mo<litie<l  in  (jnatity  hy  various 
]>ositions  of  the  resonating  surfaces,  cotre/s ;  (ii)  or  with  the 
articulating  organs  :  lips,  tongue,  teeth  and  palate  obstructing, 
more  or  less,  tlic  passage  of  the  sound  or  breath,  couMonanfM.  In 
one  sense  speech  consists  of  a  series  of  vowel  sounds  sejKiratid 
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from  each  other  (articulated)  or  joined  to  each  other  by  a  series  of 
consonants. 

The  Vowels  of  the  English  language  are  a,  e,  i,  o,  u.  Konig 
gives  the  fundamental  vowel  positions  of  the  modifying  organs  as 
resulting  in  the  five  vowel  sounds  :  56,  6,  a,  a,  e.  All  other  Eng- 
lish vowel  sounds  are  formed  of  combinations  or  modifications  of 
these  fundamental  tones.  The  English  i  (long  i)  is  a  combination 
of  a,  e,  the  English  u  (long  u)  is  a  combination  of  e,  oo.  Impor- 
tant modifications  are  made  by  changes  in  the  quantity  of  the 
vowel  sound.  The  English  language  has  at  least  seventeen  rec- 
ognized vowel  sounds. 

The  ConsonaJitS  of  the  language  may  be  classified  on  the 
basis  of  their  acoustic  qualities  as  liquids  or  semi-vowels  :  m,  n,  1, 
r,  s,  w,  y* ;  and  mutes,  including  all  the  remaining  consonants. 
On  the  basis  of  the  mechanism  of  formation  consonants  may  be 
classified  as  :  (i)  explosiveSy  as  b,  p,  d,  t,  k,  g  ;  (ii)  aspinUes,  as  f, 
V,  w,  s,  th(in),  1,  sh,  ch,  h  ;  (ill)  vibrativeSy  as  r ;  (iv)  resonanUtj 
as  m,  n,  ng.  Briicke  gives  the  fundamental  consonant  positions  as 
follows  :  (i)  articulated  between  the  lips,  lab'mh ;  (ii)  articulated 
between  tongue  and  hard  pahitej  palatO'lin(/ual ;  (iii)  articulated 
between  tongue  and  back  portion  of  hard  palate  or  the  soft  palate  ; 
(iv)  articulated  between  the  two  vocal  cords. 

The  following  table  of  consonants  embodies  the  ideas  of  Briicke 
in  a  form  somewliat  better  adapted  to  the  English  consonant  sounds. 

I  OPAL.  [  NASAL. 

PLACE  OF  ARTICULATION 

LaUinls. 
lAxh'Uh-iivutaU. 
Linxu<>-<K>iitaI.'<. 

.\nt«Ti«»r  position. 
Middlo  iM.sitioM. 
I*o>tcri«  r  |»o*«ition. 

The  relation  of  speech  to  the  central  nervous  system  is  dis- 
eussed  at  lengtli  under  the  })hysiology  of  the  brain  (q.  v.). 

I>.  Song. 

The  nnisieal  scale  is  diseussed  under  PJiiiMolofjical  AvoustuKH 
(([.  v.).  Thou«rli  the  hnnuin  ear  is  able  to  a])i)reeiate  a  range  of 
niusi(\il  ton(\s  from  a  vibration  rate  of  1(1  per  second  u])  U)  16,700 
or  .*).*), 40S  per  second  :  /.  r.,  a  ranjrc  of  t(Mi  or  eleven  octaves  ;  the 
human  voici*  is  able  to  cover  a  ran«rc  of  (possesses  a  comi)ass  of) 
iir  t  (C(r  <.v,  in  rather  rare  ca^cs  of  thi>?e  (octaves.  The  two-octave 
rauixe  of  the  male  v(^ice  is  below  that  of  the  female  voice.  The 
reason  for  \\\\<  is  discus<(Hl  above. 

'  V  st»inelinK>^  replaces  i      a  |»urc  vowd. 


Momentary.  CuDtiuuouM.  ContiDuou» 

Aspirates.       V(K'aK      Asi)irates.      Voc-als,  V«>cals. 


V 


  f  V 

    th(iu)  th(o) 

t                 d  s  z.  1 

<  h                j  sh  zh.  r 

k                 >;    y 
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CHAPTER  XIII. 
REPRODUCTION. 

THE  PHYSIOLOGY  AND  MORPHOLOGY  OF  REPRODUCTION. 

1.  THE  OVUM. 

2.  MATURATION. 

3.  FERTILIZATION. 

4.  SEGMENTATION. 

T).   THE  EMBRYO:  HISTOGENESIS. 

a.  The  Development  of  the  Germ-layers. 

b.  The  Development  of  the  Primitive  Segments. 
f.  The  Reginnincj  of  the  Nervous  System. 

d.  The  Mesenchyme. 

e.  The  Origin  of  the  Urinary  System. 

/.  Summary  of  Early  Development:  Histogenesis. 

i).   THE  FCETUS:  ORGANOGENESIS. 

a.  The  Circulatory  System. 

b.  The  Respiratory  System. 

c.  The  Digestive  System. 

d.  The  Uro-Genital  System. 

e.  The  Central  Nervous  System. 

7.   THE  FCETAL  ENVELOPES. 

a.  The  Foctal  Membranes. 

6.  Maternal  Portion  of  Envelopes:  Decii>u-«  and  Placenta. 

)<.   THE  PIIYSIOLOCfY  OF  THE  EMBRYO  AND  FCETUS. 
n.  Nutrition. 

b.  Moto-Sensory  Activity. 

!».   THE  PHYSIOLO(JY  OF  MATERNITY. 

a.  Pregnancy  and  Parturition. 

b.  Lactation. 

REPRODUCTION.' 

The  i)arcntal  phases  of  reproduction  include  all  of  thase  activi- 
ties involved  in  the  production  of  offspring.  Two  general  phases 
in  the  pnxluction  of  offspring  are  (i)  the  transmission  of  herwli- 
tary  ehanicters  and  (ii)  tiie  nourishment  and  protection  of  the 
young  during  a  longt»r  or  shorter  j)eriod  of  development. 

'The  intnHluc"tion  to  tlie  procttjswj  of  repnMliirtion  iiiny  Ik?  found  in  Part  One — 
( VUular  liiolojfv.  It  is  ])ro(Ni6tHi  to  jfive  here  a  ven*  brief  8tinimar\'  of  niamnialian 
repnKluction  and  dcvclo])nient,  espwially  emphasizing  the  physiofugieal  phasiti  of 
the  p^^M'e^•*i's. 
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In  mammalian  reproduction  one  may  profitably  consider  the 
following  special  processes  :  (i)  The  formation  of  the  germ  cells  ; 

the  maturation  of  the  germ  cells ;  the  conjugation 
Fig.  299.  or  fusion  of  the  germ  cells  {fertilization)  ;  (ii)  the 
A     f\  segmentation  of  the  fertilized  ovum ;  the  intra- 

ul-^-™         uterine  development  successively,  of  the  blastoderm, 
the  gastrula,  the  three-layered  embr}'o,  and  the 
J      f  foetus ;  parturition  ;  lactation ;  extra-nterine  de- 

velopment. 

Some  of  these  processes  represent  activities  of 
the  parents  ;  some,  those  of  the  developing  young. 

The  paternal  jwrtion  of  the  general  process  con- 
sists in  the  production  of  the  male  germ  cells  and 
assisting  in  the  nourishment  and  protection  of 
the  young  during  its  extra-uterine  development. 
The  male  reproductive  cell, — the  spermatozoon, 
(Fig.  299)-^ierves  the  double  purj)ose :  (i)  Of 
transmitting  to  the  offspring  the  hereditary  char- 
acters of  the  paternal  ancestral  line ;  and  (ii)  of 
inducing  in  the  ovum  the  process  of  segmentation. 

The  maternal  portion  of  the  general  process 
consists  in  the  production  of  the  female  germ  cells 
and  the  protection  and  nourisliment  of  the  young 
during  intra-uterine  development  and  infancy, 
and  assisting  in  its  nourishment  and  protection 
during  childhood  and  youth. 
The  offspring  is  passive  as  an  in- 
dividual during  intra-uterine  life, 
but  its  cells  and  tissues  are  exceed- 
ingly active.  The  activity  takes 
the  form  of  the  following  proc- 
esses :  Segmentation,  formation 
of  embryonic  layers,  development 
of  tissues  and  organs  drawing  sus- 
tenance for  these  structures  from 
the  maternal  orffanisin. 

Without  further  following  the 
distinction  between  parental  and 
embryonic  processes  we  may  now 
summarize  the  whole  ])rocess  of 
reproduction  and  development. 


Human  spenua- 
toroa.  JLP^«.  1,  in 
profile  ;  2,  viewed  on 
the  flat ;  b,  head  ;  c, 
middle  -  piece ;  </, 
tail ;  e,  end-piece  of 
the  tail,  wnich  is 
de8cribe<i  as  a  dis- 
tinct part  by  Ret- 

ziUH.  (SCHAKFER 

after  Retzius,) 


Fig.  300. 


1.  THE  OVUM. 


Si'ini-diiiiiramiuatio     n'i>rc*'«'ntation    of  n 
niainmaliaii  ovum.    (Highly  iiiagnititM.1. )  zp. 
rpi  •  •        1        •      1      zona  iH'lliKida ;         viiclln>  ;       .  germinal 

Ihe   ovum    is   a    «<I in single    vo.klJ;  y.,  germinal  .pot.  (Sr.iAF.KKR.) 

eel  I.    The  parts  (►f  this  gi*rantic 

eell  have  received  special  names  :  the  cell-wall  is  called  the  vifcl/iiie 
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membrane;  the  protoplasm^  with  its  reserve  nutriment  is  called 
the  yolky  the  nucleus  becomes  the  germinal  vesicle ;  the  nucleolus 
the  gei'minal  dot.    (Fig.  300.) 

2.  MATUBATION. 

Before  the  egg  is  ready  to 
be  fertilized  the  process  of  ma- 
turation takes  place  in  the  fol- 
lowing manner^  in  the  egg  of 
an  echinoderm  :  (Fig.  301,  a 
tog.) 

(i)  The  germinative  vesicle 
gradually  moves  from  the  cen- 
ter of  the  egg  towards  its  sur- 
face, its  nuclear  membrane 
disap])ears  and  the  germinative 
dot  breaks  up  into  small  hardly 
visible  fragments. 

(ii)  There  arises  out  of  a 
part  of  the  nuclear  substance 
of  the  germinative  vesicle  a 
nuclear  spindle  which  pursues 
still  further  the  direction  taken 
by  the  germinative  vesicle  until 
it  touches  with  its  apex  the 
surface  of  the  yolk,  where  it 
assumes  a  jK>.sition  with  its  long 
axis  in  the  direction  of  a  radius 
of  the  sphere. 

(ill)  A  genuine  process  of 
cell-division  soon  takes  place 
here,  which  is  to  l)c  distin- 
guished from  the  ordinary'  cell- 
division  only  in  this  that  the 
two  products  of  cell'divimon  are 
of  very  unequal  size. 

More  exactly  expressed  this 
process  is  a  cell-budding  (gem- 
mation). This  process  of  gem- 
mation occurs  twice.  The  two 
small  cells  art*  called  jK>lar 
IkkHcs. 

(iv)  After  the  conclusion  of  the  second  pn>cess  of  budding  the 
remaining  part  of  the  spindle,  one-fourth  of  the  original  spin<lle,  is 
left  in  the  cortical  layer  of  the  yolk.  From  this  arises  a  new,  small 
vesicular  nucleus,  which  consists  of  a  homogeneous  fluid  substance 
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without  distinct  nucleolus.  From  its  peripheral  position  it  usu- 
ally migrates  slowly  back  toward  the  middle  of  the  egg.  Thus 
it  completes  in  four  phaEes  the  process  of  maturation.    There  is 

no  reason  to  doubt  that  the  process  of 
I  maturation  in  the  mammalian  egg  is 
i  in  any  important  feature  different  from 
H     that  in  the  egg  of  the  echinoderm. 


3.  FERTILIZATION. 


Fertilization  is  the  union  of  egg- 
cell  and  spermatic  cell ;  without  this 
union  no  further  development  of  the 
egg  is  possible.  The  spermatic  cell  is 
the  male  element  of  reproduction  ;  in 
most  animals,  both  vertebrate  and  in- 
vertebrate, the  sperm  cell  is  a  flagellate 
cell  whose  head  represents  the  nucleus 
and  whose  flagellum  represents  the  pro- 
toplasm. The  male  element  being  the 
active  one  in  reproduction  the  fla- 
gellum serves  as  a  locomotory  organ. 
(Figs.  299  and  302.) 

Fertilization  may  take  place  within 
the  body  of  the  female  or  external  to  it, 
internal  or  external  fe/iilization  ,  (Inter- 
nal: most  vertebrates — External:  fishes, 
amphibia  and  most  invertebrates.) 

(i)  At  fertilization  only  a  single 
spermiitozo()n  penetrates  a  sound  egg, 
which  occurs  at  the  apex  of  the  cone 
of  attraction. 

(ii)  The  head  of  the  sj)ermatozoon 
is  converted  into  the  spermatic  nu- 
cleus, around  which  the  neighboring 
protoplasmic  granules  are  radially 
arranged.    (Fig.  303.) 

(hi)    The  egg-nucleus   and  sper- 
^       .p«_»    r  -    niatic-nucleus    migrate    toward  each 
'^fiP^     tWBB    H    other  and  in  most  instances  imniedi- 
^       \1bHW  ately  fuse  to  form  the  sapncnfafion  nu- 

/<7/x.  (Figs.  304  and  3().").) 
Fertilization  (le|)fMi(ls  on  t\ut  copulation  of  two  cell-nuclei  which 
are  (h^rived  from  the  male-cell  and  a  female-cell.  The  male  and 
fem:ilc  nuclear  substances  containe(l  in  the  s]»ermati(?-nucleus  and 
<'gg-nuclens  are  heanM's  of  the  peculiarities  whi<'h  are  transmissi- 
ble from  j)arents  to  their  offspring. 
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4.  SEGMENTATION. 

Fertilization  is  in  most  cases  immediately  followed  by  further 
development  which  begins  with  the  division  of  the  egg-cell  into 
an  ever  increasing  number  of  ever  decreasing-sized  cells — tlie 
process  of  segmentation  or  cleavage,    (Fig.  306,  A  to  F.) 

(a)  Internal  Phenomena  of  Segmentation  ;  1st.  The  cleav- 
age nticlem,  at  first  spheroidal,  forms  the  center  of  a  radiation  which 
affects  the  whole  yolk-mass,  but  it  soon  begins  to  be  slightly  elon- 
gated, to  become  less  and  less  distinct.  The  monocentric  radia- 
tion is  divided  ;  the  two  newly  formed  radiations  thereupon  move 
to  the  poles  of  the  elongated  nucleus ;  they  rapidly  separate  and 
finally  each  occupies  a  half  of  the  egg. 

The  nucleus  while  in  the  process  of  division  consists  of  an 
ao'omatic  and  a  chromatic  figure — the  former  a  spindle  composed 


Fig.  306. 

ABC 


Segmentation  of  the  vitellus  in  the  impregnated  egg  of  the  rabbit.   (Dalton  after  Costr.  ) 

of  a  definite  number  of  fibers,  the  latter  the  same  number  of  V- 
shaped  nuclear  segments — chromosomes,  which  lie  upon  the  sur- 
face of  the  middle  of  the  spindle.  2d.  The  chromosomes  split 
lengthwise  and  their  halves  move  in  opjK)8ite  directions,  apex 
first,  to  the  jwlar  eentrosomes,  where  they  form  the  daughter  stars, 
late"  the  daughter  nuclei. 

(6)  External  Phenomena  of  Segmentation  consist  in  the 
division  of  the  egg-contents  into  cells,  the  number  of  which  cor- 
respond to  the  number  of  nuclei. 

5.  THE  EMBRYO. 

Ikginning  with  a  single  cell — tlie  egg-ci»ll — we  have  followed 
the  development  of  a  mass  of  cleavage  cells — the  morula,  blas- 
tula,  of  which  there  are  four  forms. 
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ft.  The  Deyelopment  of  the  Oenn-layen. 

1 .  The  Blastnla,  ^rith  one  genn-fnyer, 

(a)  In  Ampiiioxi's  the  cleavage  cavity  is  very  large  and  its 
wall  (vmsists  of  a  single  layer  of  cylindrical  cells  of  nearly  uni- 
form size.    (Fig.  307,  a.) 

(h)  In  Amphibia,  the  cleavage  cavity  Is  small ;  the  wall  con- 
8i?*t«  of  a  thin  jKile  a>mpo:?ed  of  small  cells  and  a  thick  pole  com- 
jK>sed  of  «<*v(;ral  layers  of  large  cells.    (Fig.  308,  6.) 


Fig.  3r)7. 


Fi«.  308. 


h,  ItliiHtiilii  of  triioii  I  aiiipliiliiaM )  :  <,  Mastula  of  bird; 
.  .«■..  rli'a\a«i' (ux  itv.    (  Aftfr  Hkutwk.. ) 


Kk'.  (r)  In  FISHF.S,  Rep- 

tiles AND  Birds  the 
cleavage  cavity  is  fissure- 
like or  wanting ;  the  roof 
is  the  germ-disc  and  the 
fl<M)r  is  the  yolk  mass 
which  is  not  divided  into 
colls.    (Fig.  c) 

( (f )  In  Mammals — 
Man — the  cleavage  (*avity 
is  spacious  and  fiUed  with 
alhnniinons  thiid  ;  the  wall  is  a  single  layer  of  hexagonal  cells, 
with  cxcrption  of  oni*  |><>le,  whose  larger  rAh  in  a  mass  extend 
into  the  cavity. 

*J.  The  Qastrula. —  With  iwo  (/rrm-htj/rrs.  The  invagination 
of  tlu»  hlastnla  forms  the  two  layers  of  the  gastrula  ;  the  outer  layer 
is  the  trtiuli nn  or  c/iihhfsf,  the  inner  layer  is  the  mloiJcnn  or  hi/jfo- 
h/asf  :  the  rlcavag(»  cavity  is  obliterated  ;  the  invagination  cavity 
i>  the  Ciclentcron,  its  external  mouth  the  j>rimitive  mouth,  hh^h>- 
y><>/v ,  iK'iinlfiri  y/Viorc,  or  jtrosfitnut , 

[n)  In  Amimiioxi's  tin*  hlasto|MU'e  is  large,  the  co^lenteron  capa- 
cious, each  gcrm-lavcr  conn>ose(l  of  sinirle  sheet  of  evlindrieal 
ci^ls.    ^Fig!  :\\{).)  ' 


THE  DEVELOPMENT  OF  THE  OERM-LAYERS, 


(b)  In  Amphibia,  the  blastopore  is  small,  the  mass  of  yolk 
cells  is  ventral  to  the  eoelenteron,  which  is  arched  upward  and  is 
fissure-like.    (Fig.  311.) 

(c)  Ix  Fishes,  Reptiles  and  Birds  the'  blastopore  is  cres- 
centic,  the  germinal  disc  becomes  two-layered  by  means  of  in- 


Fio.  310.  Fio.  311. 


b 

Fig.  312. 


The  iinKi'.HS  <>f  xa^trulation.  C««i«trula  of  amphiuxui*  (a);  of  aoiphibiau  (/>);  of  bird  (r);  of 
nmninitti  (rabbit)  d\  t/.,  e<*toderiu  ;  ent.,  enUMlerm  ;  hi.,  blastoiM>r«  or  prlmitiTe  mouth  ;  rrW., 
(■(flciiteroii ;  (/./.,  v. I.,  dontal  and  ventral  lipH  ;  y-c.^j/.p.,  yolk  I'clls  aud  yolk  plug  ;  m.,  mesoblmst. 
(After  Hkktnvhj.) 

growth  of  wlls  from  the  blastopore.  The  ctvlenteron  is  ventral 
to  the  lower  laver  of  cells — /.  it  is  ventral  to  the  hvjwblast. 
(Fig.  ;n2.) 


624 


REPRODUCTION. 


{d)  Ix  Mammai>^  the  blastopore  is  minute  a'^d  circular,  and 
over  a  thickened  pole  the  ccelenteron  and  cleavage  cavity  are  one 
and  the  same  cavitj'. 

In  all  vertebrates  the  gastrula  presents  bilateral  symmetry  and 
antero-posterior  differentiation  ;  the  blastopore  is  always  posterior 
— ^and  dorso-ventral  differentiation — ^the  yolk  mass  is  always  ven- 
tral. 

3.  The  Embryo  xcith  three  germ  layers. 

In  all  vertebrates  there  are  formed  from  the  roof  of  the  ccelen- 
teron two  lateral  e  vagi  nations  of  the  inner  germ-layer  or  hypo- 

FiG.  313. 


Fig.  314. 


6  c  d 

blast,  by  means  of  which  the  coelenteron 
is  divided  into  a  median  cavity — the  in- 
testine— and  two  lateral  cavities,  coelo- 
^  mic  cavities,  or  body  cavities.  The  pri- 
mary inner  germ-layer  thus  becomes  dif- 
ferentiated into  :  (i)  The  second  inner 
germ-layer — hyjx)blast.  (ii)  Splanch- 
nopleure  and  somatopleure.  (in)  Xoto- 
chord.  These  are  gradually  separated 
from  each  other  by  constrictions. 

Fig.  315. 
mp. 


TIh'  form  tin-  Idastnpon*  iin«l 
it-<  lut'tanntrphoKiK  in  the  (•hi<  k  etu- 
l»ry<».  }>la?it()(^M»n'  of  triton  ;  \>  to 
f ,  lila>tojK»rt'  oi  a  t  hiok  Kra<luaIIy 
traii«<foriiH'il  from  a  iransv«M>o 
<.rt"<(t'iitic  slit  lo  a  loiiiiit iidiiial 
^roov<-— tlu!  primitive  groove  yp.. 
ji.i}. ).    (After  II KK  I  WKi. ) 

The  devclopiuont,  /.  r.,  differen- 
tiati(Hi  of  the  me.soblastic  plates 
takes  ]>laee  from  before  backward 
wliile  the  growth  takes  phiee  at  the 
])histo])<)re,  thus  pushinjr  the  em- 
bryonal la  vers  forward  from  that 
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point.  During  the  growth  of  the  mesoblast  the  blastopore  has 
been  metamorphosed  into  the  primitive  groove  (Figs.  313,  314). 
The  primitive  groove  undergoes  degeneration  and  is  not  converted 
into  any  organ  in  the  adult. 

6.  The  Development  of  the  Primitiye  Segments. 

In    the  mammals,  birds,  reptiles,  amphibians  and  fishes, 

Fig.  316. 


snt. 


the  mesoblast  first  ap- 
pears as  lateral  somatic 
and  splanchnic  plates. 
At  the  time  when  these 
are  constricted  off  from 
the  coelenteron  the  free 
edges  fuse  and  imme<li- 
ately  thicken  along  the 
dorsum  either  side  of 
the  notochord.  This 
thickened  plate  is  the 
])r  im  it  ire  scf/vient-plate. 
Immediately  after  for- 
mation this  segment 
plate  begins  segmenta- 
tion, first  in  the  trunk 
(;iO-50)  and  later  in 
the  head, eleven  in  num- 
W  (Figs.  310-319). 


Fig.  317. 


The  derivation  of  the  me<*ob]a.Ht  and  notochord  fW>m  the 
primary  inner  germ  layer  (hypoblast).  Cross  section  of  the 
amphioxus  (315);  of  an  amphibian  (31G);  of  a  bird  (317), 
and  of  a  mole  (mammal)  (a);  rp.,  euiblast :  mb.,  mesoblast ; 
Ay.,  byitoblast ;  rfW.,  c<rlenteron  ;  A,  notocnord.  Note  that 
in  the  amphibian  (M  the  me^^oblast  is  pretty  clearly  divided 
into  Aomatopleure  (rm)  and  splanchnopleure  (Hkbt- 
wui  after  Balfour,  Ueape,  rt  al.) 


r*.  The  Beginning  of  the  Nervous  System. 

The  central  nervous  system  of  vertebrates  is  one  of  the  first  to 
be  established  after  the  separation  of  the  germ  into  the  three 
primitive  layers,  epi blast,  mesoblast  and  hyj)oblast.  It  is  de- 
veloped out  of  a  broad  band  of  the  epiblast,  the  medullary  plate, 
which  lies  in  the  median  line  just  over  the  notochord.  Alcmg  this 
40 
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band  the  epiblastic  cells  become  elongated  cylindrical,  while  the 
remaining  epiblast  is  composed  of  flattened  plates  joining  by  their 


Fig.  318. 


Transverse  section  of  embryo  chick,  through  closed  portion  of  medullary  canal.  J/c,  medul- 
lary canal ;  ep,  epiblast ;  Ily,  hypoblast ;  Md,  Md\  outer  and  inner  laminee  of  mesoderm,  V.  e., 
somatopleure  and  splancbnopleure ;  iieritoneal  space;  chy  chorda  dorsalis ;  ao,  aorta;  3, 
neural  tube  ;  P.sP,  primitive  segment  plate.  (KOlliker.) 


Fig.  319. 


Kiiiliivo  of  chick,  about  the  I'ortictli  hour  of 
incuhalioii.  <>,  ccjihalic  oxtrcniity  ;  /V,  [triini- 
tivo  sci.MiH'iit>i  or  itroto-\  <'rtfhra-;  />;*.  (htrsal  iihit<  >^, 
still  witU'ly  scparatc<l  in  tlic  caiuhil  rctrioii  ;  /'/•, 
primitive  gr«><>vc.    i  Koi.i.i k i:k.  ) 


edges.  An  evagination  of  the 
margins  of  the  band  forms  the 
dorsal  folds  or  medullary  folds, 
A  continuation  of  the  evagi- 
nation and  a  coalescence  of 
the  edges  of  the  folds  accom- 
plishes a  closnre  of  the  neural 
tube,    (Figs.  315-318.) 

The  part  of  the  neural 
tube  which  forms  the  brain 
becomes  segmented  early  in 
the  second  day  of  incubation, 
twenty-fourtli  to  thirtieth 
hour  in  the  chick,  into  three 
j)riniary  brain-vesicles :  (i) 
the  primdi't/  fore-bi'din  rei<icle, 
(ii)  the  inUl-bi'dln  vemde,  (ill) 
the  primffri/  hiitd-braijf  rcj^irfc. 
Between  the  thirtieth  and 
tliirty-<ixth  hour  of  incuba- 
tion tht'  |)riniary  fore-brain 
vesicle  ij^ives  off  two  lateral 
cvajxi nations, — the  optic  rfW- 
f/r.v, — and  the  primary  hind- 
brain  vesicle  becomes  divided 
into  the  (rnbc/lar  reside  and 
the    innhiHnr    vei<icl('.  The 
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closure  of  the  neural  tube  or  canal  begins  at  the  mid-brain  and 
progresses  anteriorly  over  the  fore-brain  and  posteriorly  over  the 
cerebellar  and  medullar  vesicles  and  proceeds  along  the  spinal 
cord  finally  closing  it  in  at  the  posterior  end.     (Fig.  318.) 

Now  it  will  be  remembered  that  the  blastopore,  by  virtue  of  thp 
metamorphosis  of  the  crescentic  fold  is  now  located  at  the  anterior 
end  of  the  primitive  groove.  The  closing  of  the  neural  canal 
posteriorly  includes  the  anterior  end  of  the  primitive  groove  >vith 
the  blastopore.  It  thus  transpires  that  the  blastoporic  canal  forms 
a  direct  communication  between  the  neural  canal  and  the  coelente- 
ron  or  alimentary  canal.  This  connection  persists  some  time  and 
is  known  as  the  nenrenteric  canal.  It  finally  becomes  obliterated 
through  fusion  of  its  walls.  Thus  the  last  vestige  of  the  blasto- 
pore of  the  higher  vertebrates  becomes  extinct  in  the  early  stages 
of  embryonic  development. 

r/.  The  Mesenchyme. 

Soon  after  the  formation  of  the  primitive  segments,  these,  which 
are  at  first  solid,  soon  acquire  a  small  cavity  around  which  the 
cells  are  arranged  into  a  continuous  epithelium.  The  part  of  the 
wall  lying  at  its  lower  median  angle  begins  to  grow  with  extra- 
ordinary rapidity  and  to  furnish  a  mass  of  embryonic  connective 
tissue  which  spreads  itself  around  the  cord  and  neural  tube  (Hert- 
wig).  Out  of  the  dorsal  and  lateral  parts  of  the  primitive  segment 
arises  the  trunk  musculature.  The  mesenchyme  arises  from  three 
other  places  of  the  mesoblast  besides  the  primitive  segments,  /.  e., 
from  the  splanchnopleure,  from  the  somatopleure  an<l  from  that 
wall  of  the  primitive  segment  turned  toward  the  epi blast.  These 
four  origins  of  the  mesenchyme  justify  a  classification  of  this  im- 
portant enibrj'onic  structure  as  (i)  axial  mexcnchymCj  (ii)  xplanchuic 
mei<e)icln/mcy  (ill)  somatic  mesenchyme  and  (iv)  dermal  mesenchyme. 

The  metlioil  by  which  the  mesenchyme  arises  is  peculiar  :  (i) 
there  is  a  rapid  growth  of  the  wlls  at  some  point  in  the  mesoblast, 
accompanied  by  (ii)  a  vigorous  amcelK)id  movement.  This  com- 
bination makes  invagination  or  evagination  of  a  body  of  cells  a 
mechanical  impossibility,  instead  of  that  process,  individual  eelh 
leave  the  parent  epithelium  and,  by  virtue  of  their  ccmtinued 
am(elH)id  movements,  wander  between  the  somatopleure  and  epi- 
blast  or  between  the  splanchnopleure  and  hypoblast,  as  the  case 
may  be.  The  origin  and  destiny  of  the  mesenchyme  have  been 
for  more  than  a  de<^a(le  a  riddle  whose  solution  has  engaged  the 
attention  of  His,  Kolliker,  lleaj)e,  Waldeyer  and  other  embrvol- 
ogists. 

At  the  time  of  the  formation  of  the  mesenchyme — end  of  first 
(lay  in  the  chick — two  necessities  begin  to  press  themselves  upon 
the  developing  organisms  :  (i)  necessity  for  mechanicjil  support. 
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and  (n)  necessity  for  nutrition.  The  first  of  these  neoeasitieB 
urges  itself  upon  the  axial  part  of  the  embryo,  for  there  the  deli- 
cate nervous  system  is  passing  rapidly  through  the  steps  of  its 
development.  The  ne^  for  nutriment  will  not  be  felt  bjr  the 
epiblast  or  by  the  hypoblast,  for  these  layers  are  next  to  the  sap* 
ply  of  nourishment ;  but  by  the  mesoblast,  in  contact  with  neither 
white  nor  yolk.  It  is  a  law  of  biology  tluit  hungry  organisms  are 
resUess  while  satiated  organisms  are  sluggish.  Re(»ll  at  this  point 
the  fact  that  the  mesobkst  cells  which  form  the  somatopleurio  and 
splanchnopleuric  mesenchyme  free  thansdvea  from  the  mesoblast 
by  dint  of  amoeboid  movements.  These  restless  hungry  cells  are 
out  foraging.  The  leucocytes  of  the  adult  body  are  die  descmd* 
ants  of  these  restless,  hungry,  foraging  cells  of  the  primitive 
mesenchyme.  How  are  the  two  necessities  mentioned  above  sat- 
isfied? 

(a)  The  Necessity  for  Support  for  the  axial  nervous  system 
is  satisfied  by  the  axial  mesenchyme  which  closes  about  the 
central  nervous  system  and  the  notochord,  and  later  develops 
into  the  axial  ekeldon  with  cUl  its  associated  connective  Haeue. 

(5)  The  Necessity  for  Nutriment  is  solved  by  the  somato- 
pleurio and  splanchnopleuric  mesenchyme  in  the  following  man- 
ner, as  represented  by  Kolliker  and  subscribed  to  by  Hertwig : 

At  the  end  of  the  first  day  of  incubation  the  masses  of  cells 
which  represent  the  mesenchyme  arrange  themselves  in  cylin- 
drical or  irregularly  limited  cords  which  join  themselves  together 
into  a  close-meshed  network ;  they  are  the  first  fundaments,  both 
of  the  blood  vessels  and  of  their  contents — the  blood.  In  the 
spaces  of  the  network  are  to  be  found  groups  of  indifferent  cells 
which  afterwards  become  embryonic  connective  tijtsues"  In  the 
beginning  of  the  second  day  of  incubation  the  ''cords"  acquire 
an  internal  cavity  and  become  bounded  superficially  by  a  single 
layer  of  flattened  polygonal  cells — the  future  endothelium  of  the 
blood  vessels.  "  The  cavity  of  the  vessel  is  probably  formed  by 
the  penetration  of  fluid  into  the  originally  solid  cord,  thus  form- 
ing the  plasma  of  the  blood  by  which  the  cells  are  pressed  apart," 
some  of  these  forming  the  vessel  wall,  some  remaining  floating  in 
the  fluid  and  becoming  the  leucocytes  and  red  blood  corpuscles. 
The  red  blood  corpuscles  originate,  at  the  first,  in  the  vascular 
area  of  the  yolk,  from  yolk  nuclei.  They  are  nucleated  during 
the  early  enibr^'onic  life  of  mammals  and  man  and  increase  in 
numbei's  rapidly  by  division. 

e.  The  Origin  of  the  Urinary  System. 

Ikfore  the  activities  of  life  begin  to  make  themselves  manifest 
by  the  exi)enditure  of  energy,  as  in  the  transjwrtation  of  matter 
through  space,  e.  g,,  the  action  of  the  heart  walls  in  the  circula- 
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tion  of  the  blood, — there  is  no  need  of  an  excretory  system.  If 
we  admit  then  that  the  need  for  an  excretory  system  arises  during 
the  third  day  in  the  chick,  to  what  shall  we  attribute  the  actual 
appearance,  during  the  second  day,  of  a  rudimentary  urinary  sys- 
tem ?  It  must  be  attributed  to  heredity.  It  is  generally  ad- 
mitted that  the  genealogy  of  vertebrates  extends  through  trun- 
cates back  to  worms.  From  your  studies  in  zoology  you  recall 
the  segmental  organs  of  the  higher  worms.  A  pair  is  located  in 
each  segment  and  each  segmental  organ  is  composed  of:  (1)  a 
ciliated  funnel,  (2)  a  convoluted  tubule,  (3)  a  glandular  segment, 
and  (4)  a  muscular  bladder  which  opens  externally.  But  this 
segmental  arrangement  of  the  excretory  organs  is  an  expensive 
and  clumsy  solution  of  the  matter.  In  the  lower  vertebrates  we 
see  the  following  improvements  :  The  uriniferous  tubules  are  seg- 
mental, but  instead  of  opening  individually  on  the  surface  of  the 
animal,  as  in  worms,  there  is  a  collecting  tube  which  transfers  the 
secretion  of  all  the  tubules  of  one  side  of  the  body  to  a  posterior 
and  ventral  orifice  opening  near  or  into  the  cloaca.  In  all 
the  higher  vertebrates,  including  man,  the  primitive  kidney  or 
pronephros  is  a  segmental  organ^  and  is  quite  rudimentary, 
never  performing  the  function  of  excretion,  even  in  the  embryo. 
"  The  pronephros  of  the  chick  is  located  between  the  7th  and 
11th  somites.  The  pronephric  duct,  at  its  first  appearance,  is  a 
short  canal-like  perforation  of  the  wall  of  the  body,  which  begins 
in  the  body  cavity  with  one  or  several  ostia  and  opens  out  upon 
the  skin  with  but  a  single  external  orifice.  Originally  the  outer 
and  inner  openings  lie  near  together ;  later  they  move  so  far  apart 
that  the  outer  opening  of  the  canal  united  with  the  hind-gut." 
(Hertwig.) 

/.  Sommary  of  Early  Development. 

If  the  student  has  observed  carefully  the  character  of  the  de- 
velopmental changes  he  has  noted  three  phases  of  development 
going  on  at  the  same  time :  (i)  The  tendency  to  nneqxuil  growth, 
manifested  at  particular  plac€»s  and  occurring  at  particular  times 
resulting  in  the  general  morphological  unfolding ;  (ii)  the  histo- 
logical diflTerentiation  manifesting  itself  in  the  development  of  new 
tissues  (histogenesis)  ;  (iii)  the  physiological  division  of  labor, 
manifested  by  the  general  division  of  the  functions  into  those  of 
cjicrnaf  rr/ations  and  those  of  internal  relations* ;  and  by  the  begin- 
ning development  of  various  systems  of  organs  :  Nervous  system, 
circulatory  system,  excretory  system,  etc. 

{(f)  The  Phinciple  of  Uxi-XirAi.  Growth  is  manifested  in  the 
chick  (luring  its  first  two  days  of  development  by  :  (i)  The  invagi- 
nation of  tlie  blastoj)ore ;  (ii)  The  evagination  of  the  medullary 
folds  ;  (ill)  the  evagination  of  the  three  primary  brain  vesicles 


630 


REPRODUCTION. 


from  the  anterior  end  of  the  neural  tube;  (iv)  the  subsequent 
evagination  of  the  optic  vesicles  from  the  fore-brain  vesicle  ;  (v) 
The  evagination  of  the  lateral  folds  of  mesoblast  from  the  median 
hypoblast ;  (vi)  the  aeparaiion  of  the  muscle  plates  and  their  sub- 
sequent segmentation ;  (vii)  the  general  emigration,  from  the  meso- 
blast, of  the  elements  of  the  mesenchyme  ;  (viii)  the  invagination 
of  the  pronephric  canals. 

(6)  The  Principle  of  Hlstological  Differentiation  is 
manifested  in  histogenesis  : 


Histogenesis. 
Origin 
of  Tissues. 


I. 

ectodermic 
Tissues. 
Ti.ssueM  of  Ex- 
ternal Rela- 
tion. 


Epiblast 
Pboper. 


Nervous  Sys- 
tem. 
Neuroblast. 


IT. 

Ex  TO  I)  KK  MIC 
TlSSlKS. 

Tissues  „f 
tormil  Rela- 
tion. 


Mesoblast. 


n- 


H  YPOBLAST. 


NuT<i<  IIoKI), 


Cuticle  and  appendagt»,€.g.^  Hair,  Nails, 
Sebaceous  and  Sweat  Glands,  Enamel 
of  Teeth. 

Epithelium  of  Conjunct  iTa  and  Cornea. 
"         "  Nasal  tract  with  glands. 
"         "  Mouth  with  glandK. 
"         '*  Anus  and  lower  rectum. 
"         '*  Auditory  canal. 

Central  Xerrous  Syat^m,  i.e.,  Brain  and 
Cranial  Nerve.s,  Spinal  Cord  and  Spi- 
nal Nerves. 


Retina,   Cryst.  T^ns, 
Taste  Buds  Auditory 
Nerves,  Olractory 
nerves,Tactile  Bodies. 

f  Voluntary  muscular 
I  system. 

Somatic  Pleura  and 
Peritoneum. 
Epithelium  of  (renito- 
urinary  tract. 


Sensory 

Apparatut, 

Primitive 
Segments. 


Somatopleure. 


Splanchno- 
pleure. 


Mrsenchym*'. 


(Lung-pleura,  perioar- 
^  dium. 

( .Splanchnic  peritoneum. 

CoNSKCTivE  Tissues  : 
BoiH",  cartilage,  liga- 
iiuMit.  «leutine,  are«>- 
lur  tissue,  tendon. 

INVOLINTARY  Ml^S- 

ciLAR  System. 
Vascilar  Exim>- 
thklium,  Buk)d  &. 
Spleen. 


Epithelium  of  itiyt^ttirr  trad  (exclusive 
(if  iiKnith  iind  anus).  Inclusive  of 
Liv«T.  Pancreas. 

Kpith<-liuiit  of  respirntory  tnirf. 

*'  I  riiiarv     Jthnhlrr  and 

"         *'  Eustachian     Tube  and 
Tvinpanuni. 

*•  Tnlisilv. 
"  "  Thynuis  H<Hly, 

"  ThVrnid  ItoUv. 


6.    THE  FGBTUS :  ORGANOGENESIS. 

The  terms  fa'ttis  and  cmhrj/o  are  used  synonymously  by  some 
authors,  while  l)y  others  they  are  given  ditlerent  significations- 
Gould  defines  fu'tus  as,  the  embryo  in  lat(T  stages  of  develop, 
ment/'  but  uses  embryo  and  fcetus  synonymously.    Tlie  author, 


THE  CIRCULATORY  SYSTEM, 


631 


following  in  a  general  way  the  Am.  Text-book  of  Obstetrics,  will 
use  the  terms  in  the  following  sense  :  the  embryo  is  the  yomig  in 
its  early  stages  of  development  when  tissues  are  being  developed  ; 
the  foetus  is  the  young  at  a  later  stage  of  development  when  organs^ 
especially  systems  of  organs,  are  being  given  their  finishing  touches : 
i.  the  term  embryo  covers  the  period  of  histogenesis,  and  the 
term  foetus  covers  the  period  of  organogenesis. 

Under  the  caption  foetus  we  shall  briefly  discuss  the  develop- 
ment of  the  various  systems  of  organs. 

a.   The  Oircolatory  System. 

1.  (General  Oonsiderations. — (a)  The  simplest  heart  among 
the  vertebrates  is  a  rhythmically  contracting  tube  :  the  heart  of 
the  highest  vertebrate  is  at  first  a  rhythmically  contracting  tube. 

(/9)  Intermediate  classes  of  vertebrates  have  two-  and  three^ 
chambered  hearts,  and  the  highest  classes  have  the  four-cham- 
bered heart :  the  heart  of  the  highest  vertebrate  passes  from  the 
original  tubular  condition  through  the  two-  and  three-chambered 
condition  during  foetal  development  and  finally  after  birth  as- 
simies  the  functionally  four-chambered  heart. 

(y)  The  one-  and  two-chambered  condition  of  the  heart  makes  it 
necessary  for  the  heart  contractions  to  propel  the  blood  in  one  cir- 
cuit through  a  double  system  of  capillaries  :  (i)  the  capillaries  of 
the  respiratory  system,  and  (ii)  the  capillaries  of  the  general  cir- 
culation. The  circulatory  system  of  the  highest  vertebrates  passes 
through  this  condition  and  reaches,  in  extra-uterine  life,  a  condi- 
tion in  which  one-half  of  the  heart  propels  the  blood  through  the 
respiratory  system  while  the  other  half  propels  it  through  the 
general  system. 

(d)  In  the  lower  vertebrates  the  blood  passes  from  the  heart 
directly  into  a  system  of  branchial  arches  or  gill-arches ;  the 
highest  vertebrate  possesses  this  system  of  gall-arches  during  the 
early  part  of  its  development.  These  arches  are  gradually  re- 
duced during  the  three-  and  four-chambered  stages.  Our  aortic 
and  pulmonary  arches  represent  the  last  two  pairs  of  arches. 

(e)  In  the  amphibia  and  reptiles,  classes  of  vertebrates  which 
possess  three-chambered  hearts — the  purer  blood  passes  to  the 
anterior  part  of  the  body ;  while  the  less  pure  blood  passes  to 
the  posterior  i)art  of  the  body.  In  the  human  foetus  the  func- 
tionally three-chambered  heart  distributes  tlie  blood  in  a  simi- 
lar way.  This  probably  accounts,  in  part,  for  the  large  head  and 
small  legs  of  the  f(Ktus.     (Fig.  320.) 

2.  Special  Metamorphotds  of  the  Heart. — During  the  second 
day  of  the  chick's  development  the  heart  is  practically  a  straight 
tube  formed  by  the  fusion,  along  the  median  line,  of  a  double, 
tubular  heart-fundament;  continuous  posteriorly  with  the  two 
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Omphalo-mesaraic  veins  and  anteriorly  with  the  bifurcated  aorta. 
The  endothelial  partition  of  the  heart  soon  disappears,  leaving  a 
single  tube  with  somewhat  thickened  muscular  walls.  The  dorsal 
aortae,  in  the  meantime,  pass  laterally  around  the  alimentary  canal 

Fig.  320. 

lLCom.Car<Md 


I>iagnuu  of  the  f<ital  ciroulution,    (Kiukk. ) 

and  fuse  veiitnilly,  forming  the  single  aortic  trunk  which  joins  the 
anterior  end  of  the  heart  or  Bulhus  Arteriosus.  As  soon  as  the 
posterior  venous  junctions  and  the  anterior  arterial  junction  has 
been  eftected  the  already  slowly  and  irregularly  beating  heart 
begins  to  send  the  elements  of  the  bl(»od  through  the  system  of 
tubes,  the  direction  of  the  stream  being  at  first  determined  not 
by  valves  but  by  virtue  of  a  postero-anterior  peristalsis. 
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During  the  subsequent  few  hours  the  pulsations  become  r^ular 
and  rapid,  and  the  development  of  valves  accompanies  the  grad- 
ual metamorphosis  of  the  heart.  The  metamorphosis  of  the  heart 
may  be  considered  in  four  principal  changes.  (Figs.  32 1,  322, 
323.) 


CHANGE  DUBIKO  PERIOD.  CONDITION  AT  END  OP  PERIOD. 


I.    i  '  Straight  muscular  tube.  I 


Ci^RVE  of  Ileart^tube,  throuKh  increane  Heart  in  S-8haped  curve,  with  Teooun 

II.       in  length  of  Heart  and  no  increase  in  end  in  left  dorsal  region  and  arterial  11. 

length  of  pericardium.  end  in  right  ventral  region. 

Dilatation  laterally  of  venous  end  Heart  of  Two  Chambers,  one  double-  I 

and  general  lobed,  single-chamber  auricle  dor-  I 

III.    Dilatation  of  central  or  ventracular  sally  and  a  singlo-chambered  ven-  III. 

segment  and  tricie  ventrally. 

Dilatation  of  Bulbus  Arteriosus. 


Division  of  whole  Heart :  Heart  of  Four  Chambers.   Left  Au- 
1st.  Auricle  into  left  and  right.  ricle.  Left  Ventricle  and  Aorta  con- 

IV.       2d.  Ventricle  into  left  and  right.  tinuous  and  Right  Auricle,  Right  IV. 

3d.  Bulbus    Arteriosus   into   Aorta      Ventricle  and  Pulm.  Art  continu- 
and  Pulnumary  Artery.  ous. 


Fig.  321. 


m 

Development  of  the  heart.   The  four  principal  stages  being  shown  at  T^TV',  a  and  b  are  two 
phases  of  tne  same  stage.   (  Hkrtwiu.  ) 


6.  The  Respiratory  System. 

1.  Oteneral  Oonsiderations. — (a)  The  Himplest  veiiebmte  res- 
piratory system  is  comjx)sed  of  a  series  of  gill-arches  :  The 
highest  vertebrate  AfM  (/ill-arches  in  early  emhryonie  life, 

{fi)  In  the  highest  fishes  there  is  a  combination  of  gills  and 
swim-bladder  which  is  a  saccate  evagination  or  outgrowth  of  the 
alimentary  tract :  In  amphibia  the  gills  arc  usually  secondary  in 
importance  U>  the  saccate  lungs  which  are  homologous  to  the 
swim-bladder :  fn  the  highest  vertebrate  the  gills  are  rudimen- 
tary structures  confined  to  embryonic  life  an(l  never  functional 
while  the  function  of  respiration  is  performe<l  during  the  whole 
j^eriod  of  extra-uterine  life  by  the  lungs. 

2.  Special.  The  Development  of  the  Longs. — At  the  be- 
ginning of  the  third  day  in  the  chick,  on  the  tenth  day  in  the 
nibbit  and  in  the  human  embryo  when  it  n^aches  a  length  of  about 
4  mm.  there  arises  on  the  ventral  side  of  the  oesophagus  a  gnwve 
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mhlch  i«  sligjitijr  enlor^td  at  ttn  anterior  esil.  ?xiiao  tlie  groove- 
likt  erag^iataoo  beeomet  aeparEted  frooi  the  aUmentaiy  tube  hj 


Fto. 


tl'iJTt  «f  Infiiiit,  •hf»w}n*  the  i 

rj  tiT3  ticisesi  J  4, 

*lid.     ill/.  Liii>.y 

two  lateral  riclges ;  thiB 
is  the  first  iiidirati<ni  of 
a  difterentiation  into 
tpsojihagus  and  traeheii. 
There  then  grow  out 
from  the  enlarged  posi*- 
terior  ends  of  the  j^nx»vc» 
mn%\\  !!iiu'8  towiirdi^  the  two  sides  of  the  body — the  fundaments 
of  the  right  and  left  lung, 

Fic*.  324 


tlfurl  of  Ihu  tiiimafi  t*r%a*^  pi  llic  «ad  (if  th« 


I'  -L   Ml    Llj<  . 

iHlllllut  11. 

i>  l>  .  I  fi  r<Mit<h  the  ttsmut 
of  the  Utati, 


lower 

  .  .  .    ,     ,   ,  .    .  Vtouk 

IIUMTWlH  ttrter  lit*.  I 

Tlie*^  hing  mm  mv  <  rivelojH.Hl  in  a  tluck  layer  of  oiesench^Tuie 
o*>uiiwtive  iin&m  which  is  covered  externally  by  the  thin  splaiieh- 
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nopleure — ^the  future  lung-pIeura.  Two  stages  are  recognizable 
in  the  metamorphosis  of  the  primitive  lung-sacs  of  man  and  of 
mammals. 

(i)  The  first  bud4ike  oulffrowths  on  the  two  sides  of  the  body  are 
not  symmetrical  because  the  left  lung-sac  produces  two  and  the  right 
lung-sa^  produces  three  bud-like  enlargements  (Hertwig).  These 
buds  are  the  fundaments  of  the  lobes  of  the  lungs.  From  this 
point  on  the  division  is  dichotomous.  Continuous  division  and 
evagination  proceed  during  six  months  in  the  human  embryo. 
During  this  period  the  terminal  branches  are  simply  saccate  or 
vesicular  and  are  called  primitive  lung  vesicles,    (Fig.  324,  6.) 

(ii)  During  the  last  three  months  of  intra-uterine  life,  "  there 
arise  close  together  on  the  fine  terminal  of  the  bronchial  tree — on 
the  alveolar  passages  and  on  their  terminal  vesicular  enlargements 
— very  numerous  small  evaginations — ^the  pulmonary  alveoli " 
(Kolliker).  These  are  only  J  to  J  as  large  in  the  foetus  as  in  the 
adult,  and  the  extra-uterine  growth  of  the  lung  is  to  be  attributed 
to  their  expansion  rather  than  to  their  multiplication. 

e.  The  Digestive  System. 

1.  General. — (a)  In  all  vertebrates  the  stomach  is  produced 
by  a  simple  dilatation  of  the  alimentary  canal,  just  behind  the 
heart  in  the  lower  vertebrates  and 
just  posterior  to  the  diaphragm  in 
mammalia.    (Fig.  325.) 

(/?)  In  all  veiiebrates  two  glands 
are  evaginated  from  the  duode- 
num ; — the  liver  is  evaginated 
into  the  ventral  mesentery  and 
pancreas  into  the  dorsal. 

2.  Special  Development  of 
Digestive  Glands. — (a)  The 
IJVER  early  becomes  bilobed, — 
later  these  two  primitive  lobes 
are  variously  subdivided  in  dif- 
ferent classes  of  vertebrates, — 
and  the  evaginations  take  the  form 
of  thick-wallwl  tubes  or  "  hejxitic 
cylinders  "  which  unite  into  a  net- 
work. The  small  lumina  of  the  cylinders  become  the  bile  ducts 
which  are  surmundtKl  by  the  secreting  parenchyma  of  the  liver. 
This  latter,  as  well  as  the  epithelial  lining  of  all  gall  ducts,  is 
of  hypoblastic  origin,  while  the  connective  tissue  framework  and 
the  vascular  system  of  the  liver  is  from  the  mesenchyme,  the 
organ  being  encapsuled  with  <*planchnopleure  or  splanchnic  peri- 
toneum. 


Fio.  325. 


I>eTelo|mient  of  the  alimentary  caDal.  oe, 
<i?«o|»ha(^ui> ;  St.,  »touiach  :  S,  small  inte»tiDe; 
L.  large  inteHtiue  ;  y,  yolk  duct ;  I),  duode- 
num ;  J,  Jejunum  ;  /,  ileum  ;  AJ).  Tf\  />C, 
ascending,  trauNvene  and  descending  colon ; 
R,  rectum  ;  A,  anus. 
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Fio.  320. 
Indifferent 


(h)  TuK  F^\5r^  RRA.s  follows  a  general  coaree  of  development 
r|riit^  parallel  to  that  of  the  liver. 

The  Uro-^knilal  System. 

FfiT  ^(fiieral  con?iideratw>iis  see  above  nmler  "  Origin  of  the 
f  rrinarv  Hynum/^ 

K  IndiflSerent  Stage. — ^This  stage  i.^  characterized  by  all 
th^T  (ff^nm  contained  in  two  longitudinal  uro-geuital  ridges, 

omj  on  fracli  «idc  of  the  body  and  projecting  from  the  dorsal  wall 

into  the  peritoneal  cavity. 
At  the  caudal  end  of  the 
abdomen  the  two  ridges 
draw  clo.ser  together  and 
finally  come  into  contact 
with  the  anal  region  of 
the  alimentary  canal. 
The  substance  of  the 
ridge  comprises  the 
Wolffian  body  of  mesone- 
phros  and  the  genital  epi- 
thelium. The  ducts  are 
two  in  number  and  are 
the  result  of  longitudinal 
division  of  the  original 
pronephric  duct.  The 
inner  one  of  the  two  re- 
sulting ducts  is  the  meso- 
nephric  or  Wolffian  duct 
and  during  the  period 
when  the  mesonephros 
functions  as  a  urine-ex- 
eretin^  orpui  conducts 
tlie  urine  to  the  ch)aca  ; 
this  condition  is  per- 
manent in  fishes  and 
amphibians.  The  outer 
one  ot*  the  resultiuir  ducts 
is  the  Mullerian  duct. 
Now  in  the  male  the 
1 1  'i  *lnif ' .  i  f  /  nrf  IxH'onies 
while  /)!  fhr  h  n\tilt   tJit'  M''^^  ritin  '^»/e/  fn'ronu.^ 


*>\<>lru\  <t|  {\  niiliuiii.-il  Ml  ail  r:«i'l\  >l:<^v  n,  \iu\\\v\  ;  ktt, 
"««'\U(il  uluiitl  ,  '1,  piiuiUlNo  ki<lm'>  .  tto,  nioouophrio 
^\\\^^ .  M  lUIn  laii  t|u«  I  .  •  .  iiv  auli  i  ioi  rinl  ;  tj^,  ^uIht- 
ii!itiil\iu\  MiiiMrii  < Mirvohrplirit  incniiial  Ii^:^ll0llt '  :  hi. 
\\\\'\\  \  ,       .       ojH  niiu;  inio  ili.>  miuarx  Maii>lor  . 

.  opruiiui*  tli«  lurvonophru'  aiul  ^I^llloria^^  »lu»ts 
into  \  h\-  "huiv  \n»*j;<  u.i;ihv  v  ^'  ■•  i.  .  i".  ivv  tmu  ;  .  oloa»  a  ; 
.  viwril  »Muhu  nv«' .  •..  '»o\<i.»l  n«lkON  .  .  i \trrnal 
on(^,,  .>»  \h,  .  !>»,  :(  .uiiniuv  M.i.l.Ui  :  .  its  rlon- 
i;  »noM  (uto  I h,- \\)  u  lvu>  ihriumn  liw  x «  N\,^wun\l'ilii  aU-  . 


i\  The  Differentiated  Stage, — v.:^  ru  vNi  Common  Tt> 
Uoi  M  Sr\ :u>^ :  The  imion  ot' tlie  v^uulnl  oniK  ot' the  un>-gen- 
\u\\  vixlux^v  Tv>  tonu  a  >;  -r.^','-.  i  v-^a'M  r.vi  it»in>.  i  m  Tho 
diu^tv  ot'  x\w  ■'  '  (\  <:  opt  n  in:o  a  ol«v:u  a  with  the  rtvtum. 
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(ill)  The  cloaca  gradually  divides  into  the  uro-genital  sinus  and  the 
anus,  (iv)  The  allantois  also  opens  into  the  cloaca  and  in  extra- 
uterine life  the  dilated 

remnant  of  the  aUan-  ^27. 
tois  becomes  the  urinary 
bladder,  (v)  From  the 
lower  end  of  the  mesone- 
phric  or  Wolffian  dud 
there  evaginate^  the  meta- 
nephric  duct  or  ureter. 
This  grows  into  that  part 
of  the  uro-genital  ridge 
which  lies  just  posterior 
to  the  Wolffian  body  or 
mesonephros.  The  mass 
of  the  uro-genital  ridge 
now  lying  about  the  di- 
lated and  divided  ureter 
is  the  fundament  of  the 
metanephros  or  perma- 
nent kidney.  While  the 
fundament  with  the 
ureter  gradually  ad- 
vances anteriorly,  the 
end  of  the  ureter  differ- 
entiates into  the  pelvis, 
calyces  and  the  collect- 
ing tubules  of  the  pyra- 


 w 

 *r 

midal  portion,  and  the 
cortical  fundament  grad- 
ually develops  the  mal- 
pighian  corpuscles  and 
the  convoluted  tubules, 
(vi)  The  genital  epithe- 
lium in  the  region  of 
the  mesonephros  de- 
velops into  the  genital 


Diagram  to  illustrate  the  development  of  the  male  itexual 
organs  of  a  mammal  from  the  indiflTerent  fUndament  of 
the  uro-ffenital  system.  The  nernistent  part«  of  the  orivi- 
ual  funaameot  arc  indicatou  by  continuous  linew,  the 
parts  which  undergo  degeneration  by  dotted  lines.  l>otted 
lines  are  also  employed  to  Nh<»w  the  |M>sition  which  the 
male  sexual  organs  take  after  the  completion  of  the  de- 
scensus testiculoruni.  n,  kidnev  ;  A,  testis  ;  nh,  epididy- 
mis ;  pa,  paradidymis ;  A  v.  hydatid  of  the  epididymis ; 
«/,  vas  deferens ;  'tn/;.  degenerateil  MQlIerian  duet';  tim, 
uterus  masculinus,  remnant  of  the  MQlIerian  ductn  ;  gh, 
gubernaculum  Hunter! :  A/,  ureter ;  A^,  its  opening  into 
tne  bladder ;  «6/,  vesiculie  Hcminales ;  A6/,  urinary  )»lad- 
der  ;  hhl\  its  upper  tip.  which  is  continuous  w'ith  the 
ligamentuni  vesico-umnilicale  medium  (urachus);  Ar, 
urethra  :  lir,  prontata  ;  tlrj,  extornul  oriflc(>  of  the  ductus 
ejaculatorii.  The  letters  nh' ,  h',  »V  indicate  the  |K>.tition 
of  the  sexual  organs  after  the  desceut  has  taken  place. 
(Hkrtwki.) 


gland,  while  the  Wolffian 
body — mesonephros — lapses  into  functional  or  rudimentary  ap- 
pendag(»8  of  that  gland. 
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Fig.  328. 
Female 


Diagram  to  illustrate  the  development  of  the  female  sexual  organs  of  a  mammal  from  the 
indiflcrcnt  fundament  of  the  uro-irenital  system.  The  persistent  parts  of  the  original  funda^ 
ment  are  indicated  by  continuous  Tines,  the  partM  which  undergo  defeneration  by  dotted  lines. 
Dotted  lines  are  also  employed  to  show  the  position  which  the  female  sexual  or^ns  take  after 
the  completion  of  the  descensus.  «,  kidney  ;  ei,  ovary  ;  fp,  cpo^phoron  ;  pa,  paroophoron  ;  Ay, 
hydatid  ;  Fallooian  tube  (oviduct) ;  ug,  mesonephric  duct ;  ut,  uterus  ;  sch,  vagina  ;  A/,  ure- 
ter:  hhf,  urinarv  Dladder ;  hbl\  its  upper  tip,  which  is  continuous  with  the  liganientum  vesico- 
umbilieale  medium  ;  Ar,  urethra;  tv,  vestibulum  vaginie  ;  rm,  round  ligament  (inguinal  liga- 
ment of  the  primitive  kidney);  /</,  liganientum  ovarii.  The  letters  f,  ei/,  ei\  W  indicate  the 
positions  of  the  organs  after  the  descent.    (Figure  and  description  from  Hkrtvvio.  ) 

(ft)  Sexual  Dippeuentiatiox.  (Hertwig.)  (See  Figs.  32()-328.) 


Muk'  Sexual  Parts. 

1»TIS. 

Srminal  AiiiimlliL'  and  Tu)»e. 

(«0  Kl'IDTDY.MrS. 

(/<)  rarudidymus. 

Vas  I>kkf.rkns  and 
Sk.minal  Vksh  i,i:s. 

IIy«lati<I  of  i:j.i.Ii<Iyiim>. 
Simi"^  rr(>staticu>  (I  tt-r.  iiia^t 

Kl  D.MIY. 
I  KKl  KR. 

(iuhf  inaruinn,  lln,>f.  ri. 

I  n'tlira.  Mc'iiil>niiioiis  and 
rr«»>tatii'  I'ait. 


In«litlrn?nt :  Coinnion  fi»rni 
I'roiM  which  lioth  arise. 


( i K R M U  A L  i: I' ITU K LIU M. 


Mksonkimiros  nr 
Wulllian  \V)k\\-. 


Mksonki'Ukk  Dkt. 
M(  llkrian  Ih  ct. 

MKTANKI'IfROS. 

Mr.i  ANKTiiRn-  In  (  T. 

In'jniiutI  liilf.  i,f  Mtsnnrj.h. 

Sinus  I ■n^-;^^•nitali«.. 


Female  Sexual  Part«. 
(►vary. 

(Ovarian  follicles.) 

('0  Kl'OAl'HoRON. 

{h)  rar«Kl|ihnn.u  ( I*ar<»variun» 
or  (irgan  of  Itosenniller). 


I  TKRI  S  an<l  VA(iI.NA. 

Ovinrn  and  Fimhri.k. 

KlDNKY. 
I  RKTKR. 

Unlliiil    I .iffttllU  H(. 

Vc^tibuluin  Va>iina'. 


r.  The  Central  Nervous  System. 

1.  General  Considerations. — {a)  In  rvrfihniicH  the  centnil 
nervous  system  is  developed  out  of  the  thickened  region  of  the 
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outer  germ-layer  which  is  designated  as  the  medullary  plate.  The 
medullary  plate  is  folded  togeflier  to  form  the  neural  tube. 

(/?)  In  the  lowest  vertebrates  the  neural  tube  is  not  differentiated 
into  brain  and  spinal  cord.  In  the  higher  vertebrates  there  is  at 
first  no  differentiation  between  brain  and  spinal  cord. 

(;')  In  fishes  the  brain  consists  of  five  lobes  not  very  unlike  in 
size.  An  early  step  in  the  development  of  the  brain  of  higher 
vertebrates  is  the  formation  of  five  lobes  or  vesicles. 

{S)  The  ascending  scale  of  vertebrates  is  marked  by  an  increas- 
incf  preponderance  of  the  cerebrum  over  the  other  segments  of  the  brain. 
The  highest  vertebrate  in  its  embryonic  development  shows  an  ever 
increasing  preponderance  of  the  cerebrum  over  other  parts. 


Fig.  329. 


Fig.  330. 


A  (somewhat  later  stage  of  the  humau  brain.  rZ/m..  cerebrum 
(prosencephalon);  In/.,  infiindibuhim;  Th..  inter-brain  (thala- 
meucephalon ) ;  Ms.,  mid-brain  (nieM*ncephalon);  ebt.,  cerebelhim 
(meteucephalon);  or.,  area  rhumboidalis  ;  M.O.,  medulla  oblongata 
(myelencephaloD);  n.,  ficx.  nuchal  flexure.    (After  His.) 

2.  Special :  Development  and  Metamor- 
phosis of  the  Human  Brain. — {a)  The  part 
of  the  neural  tube  which  forms  the  brain  be- 
comes segmented  into  the  three  primary  brain 
resides  mentioned  above. 

(^9)  The  lateral  walls  of  the  fore-brain  vesi- 
cles are  e  vagina  ted  to  form  the  Optic  Ve^ic/cH 
and  the  anterior  wall  to  form  the  secondary 
Fore-brain  Veniclc,  the  Cerebrum  or  Prosen- 
cephalon. 

(;)  The  Ilind-brain  vesicle  is  divided  by 
constriction  into  the  vesicle  of  the  Cere- 
itELiA'M — Metenc^t^plmlon — and  the  Medulla 
— Myelencephalon. 

(5)  Thus  from  the  three  primary  brain  vesi- 
cles there  arise  five  se(M)n(lary  ones  arranjj^^d  in  a  single  series, 
one  after  the  other  in  a  straight  line  (Fig.  .*i29)  : 
(i)  Cerebrum — prosencephalon. 

(II)  Inter-brain — thalamencephalon — with  the  laterally  at- 
tached optic  vesicles. 


Primitive  brain  and 
Hpinal  c<»rd  of  man.  1, 
2,  3,  the  thrt*e  primary- 
bra  i  n  veMifles  ( fore-, 
mid-  a  n  tl  h  i  n  tl  - 
brain).  /,  prosenceph- 
alon; O/t.r.,  optic  v»»Ki- 
clc ;  //.,  thalanu'tifcnh- 
alon  ;  ///..  niCMMicepna- 
lon  ;  Ot.p,  uurnl  pits ; 
/r. ,  nu'tcuccnhalon;  1'., 
ni yrK'iK'cphiiloii.  ( After 
H  'akkkl.  ) 
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(ill)  Mid-brain — mesencephalon. 

(iv)  Cerebellum — metencepbalon. 

(v)  Medulla  oblongata — myelencephalon. 

(s)  The  originally  straight  axis  uniting  the  brain-vesicles  to  one 
another  later  becomes,  at  certain  places,  sharply  bent :  (i)  The 
Nuchal  Flexure  is  a  ventral  bending  of  the  medulla,  forming  the 
nuchal  protuberance  dorsally,  (ii)  The  PonUd  Flexure  is  a  dorsal 
bending  in  the  region  of  the  pons  varolii,  (ill)  The  Cephalic 
Flea^tre  is  a  marked  and  persistent  ventral  bending  of  the  mid- 
brain, resulting  in  the  cephalic  protuberance.  The  nuchal  and  the 
cephalic  protuberances  are  obscured  by  subsequent  development. 
(Fig.  331.) 

Fig.  331. 


I^atcral  view  of  the  brain  of  a  calf  embryo  of  five  cm.  Tlie  outer  wall  of  the  hemiBphere  is 
removed,  so  an  to  give  a  view  of  the  interior  of  the  left  lateral  ventricle,   hs,  cut  wall  of  hemis- 

f>here ;  st,  corpus  striatum  ;  am,  hippo-Kiampus  major  (cornu  ammonis);  d,  choroid  plexus  of 
ateral  ventricle  ;  fm,  foramen  of  Monro;  op,  optic  tract  ;  in,  iufundibulum  ;  mb,  mid-brain  ; 
cb,  cerel»ellum  ;  /I'.  K,  roof  of  fourth  ventricle;  pg,  pon.s  Varolii,  close  to  which  is  the  filth 
nerve  with  Gasseriuu  ganglion.    (From  Hertwig  after  Mihalkovics.) 

(^)  In  the  metainorphosi.s  of  the  vesicles  the  following  processes 
take  place  :  (i)  Certain  regions  of  the  walls  become  thickened, 
other  regions  become  thinner  and  do  not  develop  nervous  sub- 
stance (roof-nienibranes  of  third  and  fourth  ventricles) ;  (ii) 
The  walls  of  the  vesicles  may  be  evagiiiated  or  invaginated  ;  (lii) 
Some  of  the  vesicles  greatly  exceed  in  their  growth  the  remaining 
ones  (cerebrum,  cerebellum).    (Fig.  'VM.) 

The  four  ventricles  of  the  brain  and  the  aqueduct  of  Sylvius 
are  derived  from  the  cavities  of  the  vesicles. 

Of  the  five  vesicles  the  mid-brain  undergoes  the  least  meta- 
morphosis. 

The  cerebral  vesicle  is  divided  by  the  development  of  the 
!ott(/itii(lin(il  fissurr  and  the  fah-  cerebri  into  lateral  halves,  the 
cerebral  hem ispherex. 

In  man  the  cerebral  hemispheres  finally  exceed  in  volume 
all  the  remaining  parts  of  the  brain  and  grow  out  in  every 
direction  f(>rming  a  ^'cerebral  mantle"  over  the  other  segments 
of  the  brain. 
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The  Development  of  the  Brain  (Hkrtwki).  See  !Fig.  332. 


The 
Develop- 
ment of  the 
Braiu. 


Primary  Fore- 
brain  Vesicle. 


Mid-brain 
Ve»icU'. 


l*riniarv  Ilind- 
brain  Vesicle. 


Floor,  (f);  Roof,  (r); 
Walla,  w). 


Fore-brain. 

Ci£RKBRl1«. 

ProHeucephalon 


n. 

Intkr-urain. 
optic  Thalamus 
Thalameneeph- 
alon. 


Olfactory  I^ibeM.  (f) 
Cerebral  Cortex. '  r  4  w) 
Ant.  Perf.  I^imina.  (f) 
CorpUM  iiitriatum.  (fi 
Corpus  Callosum.  (rdw)  J 

Optic  Chia.sm.  if) 
Roof-memb.  of  3d  V.  (r) 
Optic  Thalanii.  (w) 
Tu»H»r  Cinereum  with 

infundibulum.  (f) 
Corpora  Albicantia.  (f) 
Pineal  (iland.  (r) 

PoKt.  Perf.  Lamina,  (f)  1 
Pedunclej*  of  Cerebrum. 

(f)  I 
Cori»ora  Quadrigemina.  ; 

,  ^""^  ,  ' 
l^queus.  (w)  J 

Pons  Varolii,  (f) 
Cerelwllar  Cortex,  (r  A 
w) 

Crura  Cereliolli  ad  Pon- 
tem.  (w) 

V.  r  Medulla  Oblongata,  (f)  ' 

After-brain.        j  R<M)f-mentb.  of  4th  Ven- 
Mkduli.a  Obl.         tricle.  (r) 
Mveleneepha-     I  Peduncles  of  Cerebel- 
lou.  L     ium.  (w) 


HI. 
Mid-brain. 
Corpora  Qu  ad  ri* 

gemina. 
Mesencephalon. 


IV. 
Hind-brain. 

CRRKBELLrM. 

Meteneephalon. 


CaTltjr. 


Lateral 
Ventricles. 
(l-2d  Ven.). 


Third 
Veniricle. 


The 
A(iue<luct  of 
Sylvius. 


Fourth 
Ventricle. 


Fourth 
Ventricle. 


Fig.  832. 


I/mgitudinal  and  vertical  diagrammatic  »ecti(m  of  a  vertebrate  brain.  Lamina  terminalis  is 
represente<l  by  the  strong  black  line  Joining  Pn  and  Py.  Olj',  olfactory  lol)es  or  rhinencephalon; 
limp,  cen'bra'l  hemispheres,  mantle  or  prosencephalon  ;  :\  with  //,  /'//  and  /*w,  thalamencepha- 
lon  or  inter-brain  ;  Sl.h,  III,  mid-brain  or  mesencephalon  ;  Cb,  PI',  metencephalon  ;  4,  fourth 
ventricle  ;  MO,  me<iulla.  (Huxley.) 


7.  THE  FGBTAL  ENVELOPES. 
a.  The  Foetal  Membranes. 

The  term  f<L»tal  membranes  may  be  used  tor  that  portion  of  the 
fetal  enveh)pos  (levelo{)ed  from  the  ovum.  A  |)art  of  the  fwtal 
envelopes  is  produced  by  the  maternal  orgjinism.  If  one  refers  to 
Fig.  ;n4,  itj\  he  will  find  a  crescentic  dark  field  which  repre- 
sents a  transverse  ridge  of  epiblast  anterior  to  the  embryo  near 
the  anterior  margin  of  the  blastoderm.  As  soon  as  the  mesoblast 
is  formed,  and  divided  into  somatopleun*  and  splanchnopleure,  the 
41 
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former  takes  part  in  the  formation  of  this  fold  while  the  latter 
with  the  hypoblast  remains  in  close  contact  with  the  yolk.  By 
the  time  that  the  primitive  segments  begin  to  appear  the  amDi- 
otic  fold  has  taken  on  a  horseshoe  shape  enclosing  the  head  end 
of  the  embryo  and  sending  two  ridges  toward  the  caudal  end  of 
the  embryo.  A  cross  section  of  the  embryo  at  this  stage  will  ap- 
pear something  like  Fig.  333.    The  two  lateral  folds  approach 


Diagrammatic  figures  of  the  development  of  the  ftrtal  membranes,  a/,  amniotic  fold  •  ^,  epl- 
blatit ;  m.  me^ioblast ;  A.  hypoblast ;  pi,  pleuro-peritoneal  cavity.  Note  that  the  amniotic  aac  is 
ined  with  epiblaMt,and  that  the  chorion  \»  lin^  with  somatopleure,  theepiblaitt  being  external, 
land  covering  the  chorionic  villi.   (The  AUantoi*  u  by  mh<take  Chantoiii  in  Fig.  3^) 

each  other  over  the  median  dorsal  line  of  the  embryo  and  meet 
and  fuse  from  before  backwards,  thus  forming  a  double  sac,  an 
inner  true  (imition^  coiiii)()sed  of  epi blast  internally  and  somato- 
pleure  externally  ;  and  an  outer  false  amnion  or  chorion^  comjx>sed 
of  epiblast  externally  and  soniatoj)leure  internally  (see  Fig.  334). 
The  chorion  presents  villi  over  a  considerable  portion  of  the  sur- 
face of  the  ovum.  At  first  thes<^  villi  are  practically  equal  in  de- 
velopment but  after  the  allantois  becomes  developed,  the  villi  in 
the  region  of'  that  oro^an  are  rapi<lly  increased  in  size,  while  those 
in  other  rej^ions  become  obliterated.  These  facts  are  representeil 
in  Figs.  :\:\r)  ami 

The  (ill(infi)is  is  an  eva^iiiation  from  the  ventral  side  of  the 
primitive  hind  gut  and  is  composed  of  hypoblast  internally  and 
sj)lanchnopleure  externally.  While  the  yolk-sack  (f/x)  decreases 
in  size  the  allantois  {al.  Fig.  .'>.*>'))  increases  ;  finally  reaching  the 
chorion  where  it  forms  the  fcetal  portion  of  the  placenta.  The 
allantois  is  accompanied  by  two  umbilical  arteries  and  an  um- 
bilical vein.  These  send  branches  into  the  chorionic  villi  of  the 
j)lacenta.  The  umhi/icfi/  ntnl  is  composed  of  the  arteries  and 
vein,  the  shriveled  yolk-stalk,  the  allantoic  stalk,  a  gelatinous 


Fio.  333. 


Fro.  334. 
tonic  rr//^ 
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embryonic  connective  tissue  and  the  whole  enclosed  in  amnion. 
A  carefiil  study  of  Figs.  334  and  335  will  reveal  the  relations  of 
these  structures  much  more  clearly  than  a  description  could  do. 


Fio.  335. 


diagrammatic  tiKoroN,  iIIu^tratinK  the  ilevflopiiteut  of  the  mammalian  embrvo  and  the  f<t>tal 
membranes.  1,  the  blajdoilermic  vehicle  invcnteil  in  the  xona  {M'llueida.  nna  showing  at  ita 
u|)|M>r  p«)Io  the  embryonie  area  ;  2,  nbowii  the  pinching  oH*  the  eml»ryo  from  the  yolk-Mac.  and 
the  formation  of  the  amnion  ;  \\,  further  <leveIonnient  of  amnion,  an<l  C4»mmencenient  of  allan- 
toi.s  ;  4,  coni|>leti<»n  of  amnion  and  Ki*<>wth  of  allantoiH.  The  falne  amnion,  or  Kubgonal  mem- 
brane, give««  ott'  villouH  prrn.'eft.H.  .*>,  the  alluntoiN  ban  grown  all  round  the  v(>t«iclc.  and  giveM  otT 
prooesMc**  into  the  villi  which  are  much  larger  than  In^fore.  The  yolkntac  in  greatly  reduc(>d  in 
Mixc.  ri,  epibla»t  of  embryo:  a',  epibla^t  of  non-emt>rvonic  part  of  blantiMlermic' vettielc ;  al, 
allantoiit ;  nm,  amnion;  rA.  chorion  :  rA  2,  chorionic  villi;  «/,  zona  |»cllucida;  </',  procetMi*]!  of 
zona:  (/J.  embryonic  hy|K»blai«t :  f(^,  area  vatu-ulraia  ;  dtj,  yolk-Malk  ;  dt,  yolk-wao  ;  ^,  embryo  ; 
hh,  iHTicardial  cavity  ;  i,  nimn'mbryonic  hyitoidast ;  kh,  cavity  of  blaNtmlermic  veHicle ;  **, 
h<'a(i-fold  of  amnion  ;  m,  embryonic  meMiblant  ;  m.  n<in-embryonic  memiblant ;  r,  Ht>aee  l»otwe(Mi 
true  and  fal(«e  amnion;  xA.  fal.ne  amni«>n.  or  auligonal  membraoes  :  m,  veil-fold  ui  amnion  ;  »i, 
sinu.H  termiuali8;  ti,  pruccshc:*  of  zunajiellucida;  iV,  ventral  budy-wall  of  embryo.  (KAi.ukkr.  j 
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h.  Maternal  Portion  of  Enyelopes:  Deddns  and  Placenta. 

The  maternal  organwm  plavs  an  important  part  in  the  forma- 
tion of  the  fretal  envelopes.  Figs.  336,  337,  33H  s^how  the  forma- 
tion of  tlie  decifliise.    Fig.  339  shows  the  three  portions  of  the 

Yia.  '.m.  Fig.  3:^7. 


Iiii|>rr>Knat<^(l  iiKru^t.  with 
foldM  of  (Iit'idiia  growing  \i\t 
around  the  eg^.  'llic  narrow 
o|K?ning,  wh«*re  th«*  fold?*  af>- 
pnnu'h  each  other,  \n  ween  over 
the  nuMt  prominent  jKirtion 
of  the  egg.  (DaLTOX.; 


Pregnant  utenis  ;  tthowing  the 
formation  of  the  placenta  hy  the 
hK*al  development  of  the  decidua 
and  the  chorion.  (Dalto.) 


decidufe ;  (i)  Dendna  vera  lining  the  body  of  the  uterus  ;  (ii) 
Dcridua  reflex<t^  reflected  over  the  egg,  (in)  Decidua  aerotimi 
where  the  chronic  villi  are  developed.  The  relation  of  the  ma- 
ternal to  the  foetal  mem- 
branes  is  shown  in  Fig. 
33H.  Fig.  339  shows 
similar  structures  some- 
what less  diagrammatic. 

'I lie  Placenta  is  cora- 
j)ose(l  of  the  scroti ne 
dcM'idua  with  its  large 
venous  sinuses  through 
which  the  maternal  blood 
circulates  ;  of  the  chor- 
ion and  amnion  with  the 
iu'tal  arteries  and  vein. 
In  tlie  placenta  the  ma- 
ternal and  f(etal  blood 
come  into  rehition. 
There  arc  three  tissue 
layers  between  the  fietal 
and  maternal  blood.  The 

nut  hinnaii  utt  iiis  and  its  ciut^'iit >.  alunit  fhr  •!  1      i.  1  x 

1.1  ..!•  ti.r  M  Nrnih  in..„ti, :       ii.K  thr  rvh.tio,,^  of  the     cpiolast     aud  SOUiatO" 

oi.lua  tvllrxa  ;  :j.  I  li-riou  :  I.  Aumiuii.    iD.vi.ioN.;  pKUU.   01   inCMlIUS  ailG 
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the  endothelium  of  the  capilhiries.  Through  these  fissures  the 
foetus  receives  nourishment  from  the  maternal  organism. 

8.  THE  PHYSIOLOGY  OF  THE  EMBRYO  AND  FCETUS. 
a.  Nutrition. 

1.  Foods,  Digestion  and  Absorption. — The  origin  of  the 
animal  individual  from  an  ovum  is  practically  universal, 
(protozoa  excepted,  perhaps).  The  fertilized  ovum  consists  of 
the  minute  segmentation-nucleus  and  the  yolk-mass  which  repre- 
sents the  first  installment  of  maternal  nourishment.  The  yolk- 
mass  is  relatively  large  in  birds  and  reptiles  and  relatively  small 
in  mammals. 

Fir;,  m 


I>iii>;rnninia(i('  view  of  a  vertical  trnii«ivoi»i'  Mootioii  of  tlic  titrniM  at  thi*  M'vciith  or  «'if;hth 
w<H'k  of  pn-Kiiniicy.  r,  r,  ca\  ity  «»f  utrni!",  which  Ih><  oiik><«  th«>  cavity  of  the  d«'cl(lua.  oikmiIdk 
nt  r,  r,  the  coriiuu,  into  th«'  Fiiilopiaii  tiilH"*,  and  at  into  the  cavity  of  the  cervix,  which  in 
cIo.«eil  hy  a  i*hiK  of  niuciit  ;  ♦/»■.  dcoidua  vera;  '/r.  decidua  n-Hexa.  w'ith  the  ?»|>ar»er  villi  ini- 
U'dded  in  Its  Hnbstance :  (/x,  d<>cidua  M'rotiiia,  involving  the  more  develo|K'i|  chorionic  villi  of 
the  coninieiicinK  |>la<'enta.  The  fietu;*  in  F>ceii  lyinK  in  the  amniotic  <*ae ;  i»aM«lng  up  from  the 
umhilicns  i<«  seen  the  unihilical  cord  and  it<(  veo'^cN  paoHinK  to  their  distribution  in  the  villi  of 
the  chorion;  al.»o  the  |M'dlcle  of  the  yolk-Hack,  which  lie^  in  the  cavity  iM'twcen  the  amnion  and 
chorion.    (Ai.lkn  Tiiom.-ok.) 

(ii)  l^iKDs  may  Ik?  taken  as  an  example  of  those  animals  whose 
embryos  are  provide<l  with  a  large  yolk-mass.  The  hen's  egg 
weighs  r>()  gms.,  of  which  o  gms.  is  shell  and  45  gms.  food.  The 
wiiiTK  weighs  ;K)  gms.  and  consists  of  pntfridM  (albumins  and 
globulins)     gms.y  jati*  OM  gms.,  Ma/f^  (M  gms.,  water  26.6  gms. 
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The  YOLK  weighs  15  gms.  and  consists  of  proteids,  1.7  gms.,  fat 
3  gms.,  vitelline,  miclein,  glycogen  0.2  gm.,  Lecithin  1  gm.,  mtts 
0.1  gra.,  water  9  gms.  The  salts  contain  bone-making  material, 
— phosphates  and  carbonates, — ^also  blood  and  tissue  constituents, 
— chlorides,  phosphates  and  carbonates. 

The  chicken  from  a  50-gm.  egg  weighs  35  gms.,  10  gms. 
having  been  lost  in  katabolism,  and  passed  through  the  pores  of 
the  shell  as  CO^  and  HgO.  The  small  amount  of  nitrogenous 
excreta  remains  within  the  shell,  generally  within  the  cloaca  of 
the  chick  to  be  voided  soon  after  it  leaves  the  shell.  The  chicken 
is  80  per  cent,  water  (28  gms.  water  and  7  gms.  solids),  while  the 
egg  is  79.1  per  cent,  water. 

{h)  Mammals  present  a  more  complex  problem.  The  mamma- 
lian ovum  has  a  small  proportion  of  yolk  and  is  retained  within 
the  uterus  of  the  mother  long  after  this  meager  supply  is  ex- 
hausted. After  the  yolk-mass  is  exhausted  the  embryo  "  takes 
root "  in  the  maternal  tissues  and  draws  plasma  and  oxygen  from 
the  mother.  The  mammalian  mother  furnishes  her  intra-ut€rine 
offspring  with  two  sources  of  food  the  yolk-mam  and  her  own  blood. 
Besides  this  there  is  a  special  provision  for  the  extra-uterine  period 
when  the  young  mammal  is  more  or  less  helpless ;  viz.,  the  milk 
which  the  mother  secretes. 

(a)  The  Yolk-mma  probably  has  about  the  same  chemical  com- 
position in  the  mammal  as  in  the  bird.  This  yolk-mass  must 
be  dig€»ted.  It  is  surrounded  by  the  hypoblast  w^hich  is  to  fur- 
nish the  epithelium  of  the  alimentary  tract.  There  are  no  glands 
to  secrete  a  digestive  fluid  at  the  period  when  the  yolk  is  consumed, 
yet  the  yolk  can  be  absorbed  only  after  solution.  The  hyi^blastic 
cells  lining  the  yolk  sac  and  cix^lenteron  must  digest  and  absorb 
the  yolk-mass.  In  tlii.^  connection  it  must  not  be  forgotten  that 
the  white  of  the  bird's  egg  is  outside  of  the  epiblast  of  the  chorion 
and  must  be  absorbed  by  the  chorion.  In  the  mammal  the 
ej)iblast  of  the  cliorion  is  the  principal  absorbing  surface. 

ifi)  Thv  maternal  hlood  is  the  source  from  which  the  mammalian 
fietus  draws  sustenance.  The  spc(*ial  organs  involved  in  this  proc- 
ess have  been  mentioned  above.  Maternal  red  corpuscles  do  not 
])ass  into  the  fcetus.  Maternal  white  corpuscles  probably  do  pass 
from  maternal  to  fetal  circulation.  It  is  easy  to  see  how  all 
soluble  salts  can  readily  pass  from  maternal  to  ftetal  plasma  and 
the  effect  of  various  dru^^s  upon  the  fetus  when  given  to  the 
mother  demonstrate  that  they  do  pass  from  one  to  the  other.  Just 
how  ])lasma-protei(ls  pass  from  the  mother  to  the  fo'tus  is  a  puzzle 
still  unsolved.  Some  have  suggested  that  the  maternal  plasma- 
proteids  are  peptonized,  dilfuse  through  the  dividing  membranes, 
and  ehan<red  l)aek  to  proteid  ;  others  think  the  white  corpuscles 
carry  proteid  from  motlier  to  youug. 
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Toward  the  end  of  intra-uterine  life  the  mammalian  foetus  swal- 
lows a  portion  of  the  amniotic  fluid.  The  amount  of  amniotic 
fluid  is  very  small  at  first,  but  increases  progressively  with  the 
period  of  gestation.  This  fluid  diffuses  or  filters  into  the  amniotic 
sac  from  the  maternal,  and,  perhaps,  foetal  lymph  spaces.  It  con- 
tains water  (an  important  constituent  of  embryonic  tissue)  and  va- 
rious salts  with  small  portions  of  other  foodstuffs. 

2.  Oircolation. — (a)  The  Circulation  of  the  Embryo  is 
the  vitelline  circulation  or  the  system  of  vessels  which  spread  over 
the  yolk  beginning  with  the  area  vasculosa.  The  principal  arteries 
are  the  paired  vitelline  arteries  which  pass  out  on  either  side 
branching  profusely  as  far  as  the  vena  terrainalis.  From  the  vena 
terminalis  or  terminal  sinus  a  system  of  venules  and  veins  brings 
the  blood  back  to  the  venous  sinus,  from  which  it  passes  into  the 
heart. 

(6)  The  Circulation  of  the  Foetus,  "  Fcetal  Circulation/^  a 
diagram  of  which  appears  above  (Fig.  320),  is  a  special  adaptation 
of  the  permanent  circulation.  The  permanent  circulation  sends  the 
blood  to  the  lungs  for  oxidation  of  the  litemoglobin,  but  the  foetal 
lungs  not  being  functional  there  is  a  means  provided  to  direct  the 
blood  stream  from  them.  This  necessitates  two  important  struc- 
tures peculiar  to  the  foetus  :  (i)  The  foramen  ovale  through  inter- 
auricular  septum  ;  (ii)  the  ductus  atierioauH  from  the  pulmonary 
artery  to  the  arch  of  the  aorta.  Other  peculiarities  of  the  foetal 
circulation  are  :  (iii)  the  hypogastric  arteries  which  carry  impure 
blood  from  the  iliac  arteries  to  the  umbilical  arteries  through 
which  it  passes  to  the  placenta  for  oxidation  of  the  hsemoglobin ; 
(iv)  The  ductus  venosus,  from  the  umbilical  vein  to  the  vena  cava, 
which  provides  for  the  direct  passage  of  a  large  portion  of  the 
pure  blood  to  the  left  side  of  the  heart  through  the  foramen  ovale. 
The  four  structural  |>eculiarities  of  the  foetal  circulation,  lead  to 
the  following  functional  peculiarities:  (i)  the  circulation  of  ve- 
nous blood  in  the  hyjwgastric  and  umbilical  arteries ;  (ii)  of  arte- 
rial blood  in  the  umbilical  vein  and  ductus  veiiosus  ;  (iii)  of  arte- 
rial blood  in  the  ascending  vena  cava,  mixed,  however,  with 
venous  blood  from  the  lower  extremitii^s ;  (iv)  of  the  mixed 
blood  (the  purest  which  enters  the  heart)  in  the  arteries  of  the 
head  and  anterior  extremities  ;  (v)  of  the  least  pure  blood, — fur- 
ther mixed  with  the  blood  from  the  ductus  arteriosus, — to  the 
posterior  extremities  and  the  placenta. 

3.  Respiration. — In  birds  and  reptiles  the  respiration  takes 
j)lace  readily  through  the  porous  shell,  and  shell-membrane,  the 
vitelline  arteries  bringing  the  impure  blood  from  the  boily  of  the 
embryo  out  upon  the  surface  of  the  yolk.  If  the  shell  be  var- 
nished the  chick  will  smother. 

In  mammals  the  respiration  is  carried  on  through  the  placenta. 
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The  blood  of  the  foetus  is  brought  into  relation  with  the  maternal 
blood.  The  oxygen  pressure  in  the  foetal  blood  is  much,  lower 
than  that  in  the  maternal  blood,  so  that  the  oxygen  passes  readily 
from  maternal  to  the  foetal  blood  through  the  dividing  membranes. 

4.  Metabolism  and  Excretion. — In  the  parasitic  life  led  by 
the  embr}'o  and  foetus  the  anabolic  processes  are  greatly  in  excess 
of  the  katabolic  processes.  The  food  is  presented  to  the  foetus  so 
nearly  ready  for  assimilation  that  almost  no  energy  is  consumed 
in  preparation  of  the  food.  This  food  must  be  transported,  how- 
ever, and  this  transportation  by  the  circulatory  system  involves 
the  liberation  of  kinetic  energy  of  mechanical  motion.  This  en- 
ergy can  be  liberated  only  through  katabolism  of  embryonic 
tissues  and  fluids.  The  katabolites  are  for  the  most  part  COg  and 
HgO,  but  some  nitrogenous  compounds  (urea,  etc.)  are  formed,  and 
these  must  be  thrown  out  of  the  body  of  the  embryo.  At  an  early 
period  of  foetal  life  the  mesonephros — later  the  metanephros  or 
permanent  kidney — becomes  functional  and  excretes  urea,  etc., 
which  finds  its  way  out  of  the  cloaca  or  of  the  bladder,  and  enters 
the  amniotic  fluid.  The  amniotic  fluid — as  stated  above — may  be 
swallowed  by  the  fcetus  during  the  later  stages  of  intra-uterine  life. 
This  accounts  for  the  presence  of  urea  in  the  alimentary  tract  of 
the  newborn. 

6.  Moto-Sensory  Activity. 

That  the  foetus  is  conscious  of  any  sensation  is  not  even  re- 
motely probable.    That  the  foetus  responds  reflexly  to  various 

Fi(i.  340. 


riw  human  luaiiimary  ^'IuikI.    (Kitjki  .) 


Stimuli  is  bovoiul  (juestion.  The  (|uick(>iiin<r,"  which  takes 
place  at  the  middle  of  the  period  <>f  intra-uterine  life  is  the  be- 
j»:inuin<r  of  o^eueral  body  movements.  Froui  tlie  first  (juickcnin^ 
to  witliiu  alxMit  a  week  of  delivery  the  moveuieuts  increase  in 
frequeuey,  >treUjL»th  and  evident  reHex  eharaeter. 
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9.   THE  PHYSIOLOGY  OF  MATEBNITY. 
a.  Prefifnancy  and  Parturition.^ 
b.  Lactation. 

The  milk-secreting  glands  are  cutaneous,  and  the  glandular 
epithelium  is  epiblastic  in  origin.    The  accompanying  figure  gives 

Fig.  341.  Fig.  342. 

B 


Alveoli  of  the  mammary  gland  of  the  biteh  under  different  conditions  of  activitr.  A ,  section 
through  the  middle  of  two  alveoli  at  the  commencement  of  lactation,  the  epithelial  cells  being 
Hccn  in  profile  ;  B,  an  alveoluH  in  full  fti>cretory  activity.   (S^iiakpkr  after  IIkidkniiaik.) 


Fig.  34:^. 


the  most  imiK)rtant  anatomical  features  of  the  mammary  gland. 
(Fig. 

The  secretion  of  the  milk  is 
analogous  to  the  secretion  of  the 
oil  of  oil  glands  in  that  the  cellular 
elements  of  the  gland-epithelium 
are  sacrificed  in  the  process. 
Figurt\s  and  1^42  show  the 
glandular  alveoli  under  different 
stages  of  activity. 

Milk  has,  under  the  microsco]>e 
the   appearance   shown   in  Fig. 

The  corpuscular  elements 
are  either  colostrum  coqiuscles,  or 
casein-]X)llicled  oil  globules. 

Milk  is  a  physiological  emul- 
sion and  has  the  chemicjd  constitu- 
tion shown  in  the  following  table  : 

'  TliCM'  topic's  though  pro|H;rlv  in  the  field  of  physioloijy  art'  extensively  di»- 
<'UfJ8i'<l  in  works  on  obstetrics.    Tliey  nee<l  not  be  taken  up  lien\ 


(ilobulcM  and  m(»le<'ul(>M  of  cowS  milk. 
X  4<M).  (KiKKK.) 
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COMPOfiflTIOK  OF  HUMAX  MlLK. 

Watei  .    902.717 

OiMin  ( deKiccated )   29. 000 

Jjodo-jfrotein   1.000 

Albumin  

ButUr    25.000 

HuffarofrnUk   37.000 

H^idiain  lactate   0.420 

Hixlium  chloride   0.240 

Potawium  chloride   1.440 

8f)diuin  caHK>nate   0.0>S3 

Calcium  carlx>nate   0.069 

(x'alcium  phrmihate   2.310 

Ma^eHium  pnoHphate   0.420 

Kodium  phosphate   0.225 

Ferric  phoBphate   0.032 

Sodium  Milphate   0.074 

Potawium  sulphate  

1000.000 

GaHCsin  *  '  30  parts  per  1000 

solution  i.^j^^^^l: J l^  lij    ii:  volume. 


(  Carbonic  acid  16.54 


Milk  contains  food  for  the  teeth  and  food  for  the  bones,  food 
for  the  muscles  and  food  for  the  nervous  system.  It  is  a  perfect 
food,  satinfying  cverj'  need  of  the  developing  infant. 
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Note  :  For  convenience  of  ready  reference,  an  alphabetical,  rather  than  a  sys- 
tematic, outline  has  been  followed  in  each  of  the  great  divisions  of  plants  and 
animals. 


Plants 


Animals 


of  i 


chromosomes,  55 
heliotropism,  493 
rate  of  transmission  of  stimuli,  52 
Protophyta,  sensitiveness  to  light,  493 
bacteria,  cause  of  fermentation,  275, 
276 

effect  on  cellulose,  339 
influence  on  intestinal  digestion, 
336,  3:^7 

desmids,  organisms  of  first  order,  42 

motion  by  secretion,  49 
diatoms,  organisms  of  first  order,  42 

motion  by  secretion,  49 
Protococcus,  simple  organization, 

40.  42 

Saccharomyces  cerevisiie,  see  yeast 

plant 
yeast  plant 

fermentation,  276 

gaseous  katabolites,  275 

invertin,  277 

simple  organization,  40 
Algw 

sensitiveness  to  light,  493 
Eudorina    clegans,  organism 

second  order,  41,  42 
example  of  colonization. 

Fig.  5 

Fucus,  selective  power  of  living 
cells,  44 

I^minaria  digitata,  selective  power  , 
of  living  cells,  44  I 
Thallophvta,  organisms  of  third  order, 
41,  42  * 

Acrogens  I 

Equisetum,  motion   of  spores  by 
swelling  of  cell-wall,  48 
Pluenerogams  | 

barley,  function  of  enzj-me  in  the 
grain,  27(i 

clover,  motion  by  changes  in  cell- ; 
turgor,  48 

corn,  function  of  enzyme  in  the 
grain,  276 

Oxalis,  motion  by  changes  in  cell- 
turgor,  48 

sensitive-plant,  physiology  of  mo- 
tion, 48 

touch-me-not,  motion  of  sec<i-pod  | 
by  growth  tension,  49  , 
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chromosomes,  number  per  cell,  55 
glycogen,  animal  starch,  368 
nomoiotherms,  394 
eflects  of  extreme  cold  on  body 
temperature,  397 
poikilotherms,  394,  395 
stimuli,  rate  of  transmission,  52 
tempecature,  mean,  method  of  de- 
termination, 395 
Invertebrates 

alimentary  canal,  differentiation, 
234 

circulatorv  svstem,  organs  of  cir- 
culation, 106 
venous  sinuses,  107 
fertilization,  external,  620 
lymphatics,  lacunie,  107 
neurons,  sensory,  types,  538 
poikilotherms,  395 
respiration  by  gills,  191 
Protozoa 

absence  of  ovum,  645 
sensitiveness,  to  light,  493 
to   atmospheric  vibrations, 
471 

cell-divisions,  53  ;  Fig.  12 
digesti(m  and  assimilation,  234 
inclividual  of  I  order,  40,  42 
irritability,  52 
motion  by  contractility,  49 
resemblance  to  leucocytes,  137 
respiration,  190 

CiliatOy  absorption  of  solids,  44 

Paramd'cium 
individual  of  first  order,  40,  42 
protoplasm,  H{>ecific  gravitv  of, 
33 

Pelamvxa,  sensitiveness  to  light, 
493  * 

Pleuronema,     M>nsitiveness  to 
light,  493 

Kadiolnria,  motion  by  change  of 
»lHHjific  gravity,  48 

JihizoiHxia 
absorptitm  of  solids,  44 
structure  of  pnitoplasm,  36 

Stentor 
cell-division,  53  ;  Fig.  12 
individual  of  first  order,  40 
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AnirnaK.  ln%'<rrt<.'brat<'»j 

motion  by  (ibrillan'  contractil- 
ity, 'A)' 
Vortir'*flIa 
individual  of  firKt  onlcr,  M),  42 
motion  by  fibrillan'  contractil- 
ity, .V)*  r>i 
Mcta/^ia,  differentiation  of  prot/>- 
plaxm  into</ndf>-  and  exoplaf$m, 
'M 

I'rot<iHpon(fia,  individual  of  second 
order,  4*2 
eobinizjition  of  eellK,  41 
i  o'lenterata 

eirciilat*>ry  orpuiH,  UXJ 
di^eHtion,     K|K'cialization  of 

entiKlerni,  2114 
j^antro-viiwular  HVhtem,  105 
HenhitiveneHH,  t<»  liKbt,  001 

to  Hoiind,  471 
vision,  or^iiiM  (»f,  •V^)'.^ 
Hvdni,  individual  of  third  order, 

41,  42;  KiK. 
jelly-flMli,  Hee  Mcduwi 
MeiluMti 

auditory  veHi<!le,  472;  Fi^.  2.'54 

dif(eMtive  fluid,  2.'t4 

neunmuiM'ular  cell,   50,   51  ; 
FiK.  10 
Siphonopliora 

motion  by  change  of  Hpecific 
gravity,  4S 
Kt4iin(MlerumUi 

cinMilutory    HyMteui,  hydro- 
lymph,  105 

di>ft>Htion,      intnicelluhir,  in 
larva*,  2.'M 

hearinj^,  seusitivtMiess  to  sound, 
■172 

rrpnuluftioii,    maturation  of 

ovum,  ()2(» 
visi<»n,  or«;aMs  nf,  \\V.\ 
porrt  plion  ol"  li^flil,  50] 
Astrrias  ^nicilis,  mm-  also  star-tisli 
rrprndurtion,    fi  iiili/.ati(»M  of 
ovum,  (>lM)  :  l  ij^s.  .'»(>2-.*>05 
maturation  of  (»vum,    <>lt)  ; 
Fiir.  :5(M 

1 1«»lotlmr«»i(lra,    M'li^il  i  vimu'vs  to 

Mmial,  172 
Mlasip(»(la.     s^M«^iliv^•m•««s  to 

>oinul.  172 
si:ir  lisli,  (.ri;an<  «»t'  \  i>ion,  VX\ 

iMiiulaioiv     svsiom.  lia'm»>- 

Ivinph."  jo.") 
«liui'^tion.  iul rai'illular,  2.'»l 
luMi  inu.  M  H^il ivi  iioxs  ti>  sound, 

172 
nuMion.  ""l 

ijiin;ir\  MunuMUal  orv^an^,  (»2'.> 
vi  I li  l»r;Ui     Il  lation  in  ^iMU-al- 


Animals,  Invertebrates 

Ti£<ion,  eyes,  41*3,  494 
angleworm,  see  earthworm 
earthworm 
circalatory  system,  heart,  106 
hearing,  sensitiveness  to  soand, 
472 

nervous  svfttem,  sensorv  epithe- 
lium, 539  ;  Fig.  282 
protoplasm,  stroctare  of,  36 ; 

Fig.  la 
respiration,  190,  191 
vision,  absence  of  eyes,  494 
leech,  protoplasm,  structure,  37, 

;  Fig.  3 
Lnmbricus,  see  earthworm 
Pdychceio',  eyes,  494 
Turbellana,  digestion,  intracellu- 
lar, 234 
organs  of  vision,  eyes,  493 
Arthropoda 

cil'culatory     system,  haemo- 
lymph,  105 
heart,  location,  106,  107 
hearing,  external  ears,  472 
muscular  motion,  development 
of,  51 

respiration  by  gills,  191 
vision,  compound  eye,  494 

Crustacea,     hearing,  auditory 
organs,  472 
vision,  compound  eyes,  494 

cray-fish,  auditory  organ,  472 

Insecta 

hearing,  tympanum  of  ear,  473 
muscular  system 
development    of  muscular 

motion,  51 
striated    nuiscle- fiber,     51  ; 

Fig.  lid  . 
structure  of  fibrilliv  of  wing, 
;  Fig.  :J5 
vision,  compound  eyes,  404 
grasshopper,  auditorv  apparatus, 

Phrvtjanea,  compound  eve,  493  ; 

Mollusca 

circulatory  system 
hy<lrolymph.  105 
heart,  h>cation,  1(M>,  107 
hearinir,  auditory  vesicles,  472 
respiration  l»y  gills,  101 
visnal  »)ri;ans,  404 
( 'ephalopod«<,  visual  organs,  494 
( JasteropotU,  auditory  vesicle,  472 
lleteropixK,  auditory  vesicle,  472; 

LanullihrancliN 

an»lil»»rv  v«.>iicle,  472 

circnlat«»ry      system,  hydro- 
lyniph.'  10."> 
Nautilus,  auditor}-  vesicle,  472 
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Animals,  Invertebrates 

Pterotrachea,  auditory  vesicle, 

472 ;  Fifr  235 
snail,  senson*  epithelium,  539 ; 
Fig.  282 
Tunicata 

circulatory     nystem,  hydro- 

lympb,  105 
hearing,  development  of  the 

ear,  473 
relation  in  genealog}'  to  worms 

and  vertebrates,  (529 
respiration  by  gills,  191 
Enteropneusta 

respiration  by  gills,  191 
Vertebrates 

circulatory  system 
development,  107 
fluid  ot  circulation,  105 
heart,  031 
location,  10(5 
digestive  system 

diflerentiatitm   of  alimentar\' 

canal,  234 
embryology,  635 
gastnila,  bilateral  symmetry,  624 
hearing,  development  of  the  ear, 
473 

nervous  svstem 

development,  638,  639 
relation  between  limbs  and  size 
of  spinal  cord,  542 

respiratorv  svstem,  development, 

em 

suprarenal  capsules,  presence  of, 
254 

vision,  eyes,  494 
higher,  internal  ear,  473 
lower,  circulator}'  system,  i)eristaltic 
canliac  contractions,  (iOO 
digi>stive  system,  oral  glands,  235 
nervous  system,  dendritic  nature 

of  sen>on'  axon,  5.*58 
special  sense  organs,  origin,  457 
teeth,  2:^5 
function,  2i^7 
ri'placement,  23(5,  237 
Acraniata 
Amphioxus 
blastopore,  622 
blastula,  (522  ;  Fig.  307 
ciriMilatory  system 
hydrolympli,  105 
heart,  *10() 
respirator\'  and  svsteraic, 
107 

gastrula,  (523  ;  Fig.  310 
liearing,  development  of  the 

ear,  473 
n'>piration  by  gills,  191 
('ran  lata 
Fishes 

bla»'t(»»H>re,  *j23 


Animals,  Vertebrates 

brain,   homology   of  optic 
lobes,  581 
lobes,  63<) 
circulation,  re9pirator>'  heart, 
107 

cleavage  cavity,  622 
fertilization,  external,  620 
frei»zing  temperature,  eflect 
of,  397 

hearing,  auditorv  labvrinth, 
473 ;  Fig.  236 
significance  of  the  maculte 
.icustica*,  453 
poikilotlierms,  395 
primitive  segments,  develop- 
ment of,  (525 
respiration,  (533 
by  gills,  191 
visi(m,  development  of  optic 
vesicles,  495  ;  Fig.  254 
( 'yclostomes,  origin  of  special 

sense  organs,  457 
eel,  mechanical  nature  of  reflex 

action,  552 
Petromyzon 
branchial    sensorv  ganglia, 

457  ;  Fig.  225  ' 
hearing,  origin  of  t*ar,  474 
vision,  development  of  optic 
nerve,  497 
shark 

teeth,  2:J6,  337 
dermal,  2.3(5;  Figs.  150,  151 
function  of  <lermal,  4Ho 
oral,  2.%  ;  Fig.  152 
replacement,  236,  2.37 
Amphibians 

circuhiton*  system 
heart,  anatomy,  107 
innervation,  1S2 
thnH*-<*hamlx»red,  (531 
digestion,    development  of 
lingual  and  oral  glands,  2^V) 
embryology,  blastopore,  (523 
clejivage  csivity,  (522 
fertilization,  external,  (520 
ga-trula,  (52.3 ;  Fig.  311 
primitive  segments,  devel- 
oi>ment  of,  (525 
ex<'retion,  double  renal  cir- 
culation, 42.3 
nervous  svstem,  development 

of  cerek'Hum,  570 
poikilotlierms,  395 
re»*piration,  <ievelopment  of, 
(5;W 
gills,  191 
lungs,  191 
skin,  437 
I^trachia,  homologv  of  optic 

loin's,  581 
frog 
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AiiJifuiliL  \eru^jnX0i  Ai 
cilia  <i(  'lisf  jpluMfW,  aoMMmt  of 

work  performed,  oO 
circubuon-  i<y»4<^ 
r^apilbiiT  pltffxw*,  w«b  of 
ftMA/lU,  Fig.  70;  175, 
Kig.  112 
(^rdi'MnhiMUirr  center, 
indirect  Htimubiticin^  185 
heart,  lieattin^   after  re- 
moval, 1H.3 
^n^lia,  182 
Htriated  muMcle-cell,  51 ; 
F'tti.  lib 
e<|oilibnitifin 
inHiience  of  tactile  imprefk 

Mioni»,  570 
relation  of  optic  lolies,  583 
IcK,  anatomy  of,  72  ;  Fie.  44  ' 
life  and  death,  nature  of,  21 
lymphatic8,  [lerivaMCular,  of 

mc?nentery,  114  ;  Fij^.  75 
mumrh'-nerve  prefiaration,  71 
PlltiK<ir'H  law  of  contrac- 
tion, W) 
Htimuli,  74-70 
nervouM  Hyntcm  j 
brain,  aljKen(!e  of  nponta-  ! 
neitv  after  removal  of 
cereiiral  cortex,  590 
inhibitory  power  of,  554 
un(;onHcioUH  cerebral  in- 
hibition, 554 
(!c11h  and  terminal  ncrve- 
libcrH  of  olfactory  region, 
45<J  ;  Fig.  227 
c(>r(l,    ap{Mirent  pHychic 
finurtion,  552 
clli'ct  of  Htrychnin,  551  i 
rate    of   tniiiHinisrtion  ofi 
Htimuli  alon^;  nerves,  88  | 
rellex    m-tion,    time  re- 
(inired,  'M  | 
Htnielure  of  iiiidhrain-roof,  > 
'>82  ;  Ki^.  '-.»0  I 
p<»ikilotlu'riu,  IVX) 
respiratory  system 

rlli'd  oi  paralysis  of  respi-  ■ 
ralnry  (culrr,  ">()")  j 
inovi'meiit*^  ot",  I'.'T 
relation  t«»  skin,  I'.M 
nrwt,  (l(>ul>le  renal  <  ireulation, 

Trit»»n,  Maslopon*,  Vi^i. 

•m:\i\ 

MaMula,  ()-J*J  ;  Vi^.  ;i08 
Ivepliles 

rirenlati»ry  syMem 
Ill-art,  anatoniy,  l()7 
uauiilia,  1S*J 
threi -ehaml»eriMl,  iV.W 
(lim>livr    sN^tonj,  (levilop- 
nu-nl  i»t*  nral  irlands.  »:>.■>  I 


ilfi,  Vettebntes 

aoell,  40 
size  of  xcXk-mMmi  645 
embrrologT,  biawtofwtre,  623 
cleaTSjce  caritr,  622 
primitive  tegments,  625 
nervoo*  system,  derelopOBeot 

of  cerAielloiii,  570 
poikilothemM,  2^ 
respiration,  in  the  embryo, 
647 
by  Imi^  191 
crocodile,  doable  heaut,  107 
lizard,    midbrain-rool^  slnio- 
tare,  582  ;  Fig.  290 
sabmaxillarr  glaiids  and  se- 
cretion, ^5 
snake,  mechanical  nature  of  re- 
flex action,  552,  553 
turtle,  ganglia  of  heart,  182 
Birds 

circulation,  double  heart,  107 
digestion,    development  of 

oral  glands,  235 
egg,  a  cell,  40 

size  of  yolk-masB,  645 

source  of  food  for  embryo, 
288 
embryology 

blakopore,  623 

blastula,  622 ;  Fig.  309 

cleava^  cavity,  622 

primitive  segments,  625 
hearing,  auditory  labvrinth, 
473 ;  Fig.  236 

comparative  embrj'ology  of 
the  ear,  474 
muscles,    pectoral,  plasmic 

libers,  68 
nervous  system 

eerebral  cortex,  effect  of 
removal,  590 

optic  lobes,  effect  of  de- 
struction, 582 
homology  of,  581 
respiration,  in  embryo,  647 

by  lungs,  191 

movements  of,  197 
thyroid  jjland,  function,  253 
pnites  in  epithelial  cells  of 

renal  tubules,  424 
nrie  aeid,  amount  in  excre- 

nu'nt,  412 
nr(H)yjrial  ^^huuls,  434 
eliiek,  blastopore,  624 ;  Figs. 

:n,s  />,  r,  <l,  314 
embryo.  626  ;  Figs.  318,  319 
heart,  development,  tUJl,  (ui2 
nu'Mnehvme.   formation  of, 

(>-J7,  6"28 
nervon>  system,  development 

ot',  i\'2('>' 

respiration,  development  of 
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lungs,  633,  634 
urinary  system,  origin,  628, 

pronephros,  629 
vision,  development  of  eye, 
497  ;  Fig.  261 
development  of  optic  ves- 
icle, 494,  495  ;  Figs.  253, 
255,  256,  257 
duck,  temperature 

influence  of  sex,  396 
rectal,  395 
touch,  compound  tactile  cells, 
tongue,  444 ;  Fig.  214 
great  4itmouse,  temperature, 

rectal,  395 
hen,  temperature,  rectal,  395 
weight  and  analysis  of  egg, 
289 

yolk-maFS  of  ovum,  645 
ostrich,  size  of  cell  of  egg,  40 
pigeon,  blood,  time  required 
for  coagulation,  145 
equilibration,    influence  of 
semicircular  canals,  578 
influence  of  tactile  and  vis- 
ual impressions,  578 
lactiferous  glandsand'  ^milk, ' ' 
435 

temperature,  rectal,  395 
yellow-hammer,  temperature, 
rectal,  395 
Mammals 

circulatory  sv8tem 
heart,  double,  107 
form-changes,  during 

pulsation,  155 
ganglia,  182 
striated-muscle  cell,  51  ; 
Fig.  11c 
digestive  svstcm,  oral  glands, 

235 
embryology 
blastopore,  624 
cleavage  cavity,  622 
embryo  and  membranes  de- 
velopment, 643;  Fig.  335  j 
nutrition  of  embrj'o,  646 
primitive  segments^  625 
yolk-mass,  size,  (U5 
genital  oorpUMcles,  444 
hearing,  au(litor>'  lahvrinth, 
473 ;  Fig.  23(5 
cochlea,  development,  473 
enibryologj',  t»onijMirative, 

of  ear,  474 
phylogt»ny  of  ear,  458 
milk,  analysis  of,  279 
nerv(ww  syHteni,  cerebellum, 
development,  570 
cerebral  convolutions, 
transverse  ^^.1•tion,  568  ; 
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Fig.  288 
connections  between  optic 
tracts  and  anterior  cor- 
pora quadrigemina,  581 
phonation,  615 
Pacinian  bodies,  445 
respiration,   anatomy  of 
thoracic  skeleton,  198 
embryonic,  647 
movements  of,  197 
pulmonary,  191 
sniffing  in  scenting,  460 
teeth,  237 

thvroid  glands,  accessory, 
250 

uric  acid  in  urine,  412 
water  in  bodv,  percentage, 
281 

ant-eater,  submaxillary  glands, 

size,  235 
ape,  dissection  by  Galen,  26 
bear,  absence  of  food  during 

hibernation,  442 
calf,  embrvo,  lateral  view,  640  ; 

Fig.  33i 
Camivora 

cellulose,  uselessness  of,  in 
food,  339 

constituents,  chemical,  of 
bodv,  280 

dentition,  305 

diet,  proteid,  results  of,  377, 

378 
faeces,  340 

ingesta,  analyses,  280 
intestine,  small,  acid  reac- 
tion, 337 
leucin,  origin,  375 
mastication,  305 
respiratory  quotient,  219 
salt,  source  of,  283 
teeth,  237 

thyroidectomy,  effect  of,  253 
urine,  reaction,  409 
cat 

blood-corpuscle,  red,  size,  134 
capillarv  vessels,  structure, 

111  ;  Fig.  69 
cerebellum,  cell,  531  ;  Fig. 

276 

intestine,  small 

reaction,  'XM 

structure,  343 ;  Fig.  184 

villi,  length,  :M6 
nutrition,  102 

optic  tnict,  cell,  529 ;  Fig. 
275 

eflect  of  enucleation  of  one 
eye,  583 

parathyroids,  effect  of  re- 
moval, 2r)2 

phonation,  615 
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respirator}'  quotient,  219 
stomach,  effect  of  emotions, 
321 

temperature,  rectal,  395 
tliyroid'*,  accessory,  250 
C ktacaiy  oral  glands,  434 
civets,  nnal  glands,  434 
cow,  milk,  analysis,  288 
lactose,  percentage,  284 
microscopic     appearance,  , 
r>49  ;  Fig.  343 
phonation,  015 
tenipeniture,  rectal,  395  I 
tongue,  mobility,  601  \ 
Desmodus,  oral  gfands,  235  ', 
dog 

al)sorption  of  fatty  acids,  380 

benzoic  acid,  eliminated  by 
kidneys,  376 

beyond — voluntary  inhibi- 
tion, 5")4 

blood 

coagulation,  time  required, 
145 

corpuscle,  red,  size,  1*84 
gas,     determination  of 

amount,  220 
transfasion  by  Lower,  A. 

D.  16()5,  148 
withdrawal,  effect  of,  148 

canliac  plexus,  183 

conservation  of  energy,  393 

cortex  cerebri,  electrical  ex- 
citability, 593  I 

e(]uilibrium,  nitrogen  and  . 
carlK)n,  377  I 

fut-deposit,  source  of,  382  ! 

feeding,  psondo-,  true,  and 
psychic,  .'U4 

g-astric    juice,  constituents 

315.  :iu\  \ 

^'lyoocoU,  fate  of,  when  fed 

to  (lo^,  37() 
heat  of  body,  determination 

of  (juantity,  .'587 
inttNtine,  small,  reaction,  337  ; 
Jvmph-folliele  of  conjunctiva, 
*  113;  Fijr.  72 
inarniiKirv  irland,  ()4'.>  ;  Figs. 

:M1,  342 
metabolism,  of  fats,  3S1 

of  iiitroiren  in    rest  and 
labor,  3S0 
optic  tract,  elleet  upon,  of 

eniu'leatioii  of  one  eve,  5S3 
l)aneriaticjuiee,  analysis,  32() 

secretion  of,  32') 
parathyrnids,    eflect    of  re- 
moval, 2o2 
phonation,  <)!') 
rellex  movement^,  vicarious, 

.V>2 
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respiratory  center,  inflaence 
of  blood  upon,  230 
(quotient,  219 
salivary  secretion,  nerves  of, 
298 

spinal  cord,  cell  from  anterior 

horn,  534 ;  Fig.  280 
spleen,  effect  of  removal,  153 
stearin,  formation  of,  inde- 
pendent of  diet,  381 
suprarenals,  eflect  of  removal, 
254 

temperature,  inflaence  of  sex, 
396 
rectal,  395 
thyroids,  accessor}-,  250 
ventricle,   third electrical 

stimulation,  582 
vomiting,  mechanism,  323 
elephant,  range  of  motion  of 

Cdy  muscular  oi^ns :  pro- 
is,  601 

fox,  analysis  of  ingesta,  280 
gorilla,  dentition  and  mastica- 
tion, 305 
guinea-pig 
intestine,  small,  reaction,  337 
motor  end-plates,  69  ;  Fig.  38 
muscle-fibers  of  psoas,  struc- 
ture, 69 ;  Fi^.  38 
organ  of  Corti,  478 :  Fig. 
241 

respiration,  water  and  car- 
bonic acid  gas  exhaled, 
215 

temperature,  rectal,  395 
Ilerbivora 
cellulose,  influence  on  intes- 
tinal digestion,  339 
(leer-licks,  necessity  of,  282 
diet,  proteid,  eflect  of,  378 
dentition,  305 
fu'ces,  340 

intestines,  small,  reaction, 
337 

mc'u^tic^tion,  method,  305 
parotid  glands,  large  size,  235 
respiratory  quotient,  21i* 
twth,  237 

urine,  explanation  of  reac- 
tion, 409,  410 
horse 

blood,  nitration,  131 
separation  by  subsidence, 

131,132 
time  required  for  complete 
coagulation,  145 
prehensile  upi)er  lip  ;  range 

of  moti(m,  601 
respiratory  quotient,  219 
temperature,  influent*e  of  sex. 
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rectal,  395 
hyena,  anal  glands,  function, 
434 

kangaroo,  oral  glands,  func- 
tion, 235 
lamb,  transfusion  of  blood  bv 

Denis,  A.  D.  1()67,  14« 
lion,  effect  of  meat  diet^  289 
Macacus,  see  monkey 
marmot,  respiratory  quotient, 

219 
monkey 
cortex  cerebri,  determination  • 
of  motor  areas,  595,  596  j 
localization,  594  | 
principal  ^vri  and  sulci,  ! 
594 ;  Fifr'  294 
pyramidal  tracts  as  motor  • 
patlis,  562  I 
temperature,  rectal,  395 
muskdeer,  preputial  glands,  434 
otter,  anal  glands,  function,  434  ' 
ox,  effect  of  vegetable  diet,  289 

respiratory  quotient,  219 
pig 

dissection  by  Galen,  26 
temperature,  rectal,  395 
nibbit 

blood,  size  of  red  corpuscle, 
134 

time  required  for  coagula- 
tion, 145 
cerebellum,  effect  of  electrical 

stimulation,  569 
corpora  quadrigemina,  effect 

of  puncture,  583 
eye,  aevelopment,  4%  ;  Fig. 

260 

{(astnila,  623 ;  Fig.  312 
ingesta,  analysis  of,  and  an- 

abolism  of,  286 
intestine,  small,  reaction,  337 

villi,  length,  346 
liver,  lobule,  injected,  361  ; 
Fig.  194 

sei^tion  of,  360  ;  Fig.  192 
lymphatic    nlexus,  (x^ntral 

tendon  of  diaphragm,  113; 

Fig.  74 

42 
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optic   nerve,  cross-section. 

496 ;  Fig.  259 
pancreas,  alveoli  before  and 

after  active  secretion,  325  ; 

Fig.  183 
parathvroids,  importance  of, 

252* 

reflex  crv  of  pain  in  absence 

of  brain,  592 
respiration,  influence  of  ob- 
struction of  air  on  intra- 
thoracic pressure,  207  ; 
Fig.  133 
respiratory  quotient,  219 
time  of  development  of 

lungs,  633 
tracings  of  atmospheric, 
intra-abdominal  and  in- 
tra-thoracicp  r  e  s  s  u  r  e, 
205,  206 ;  Fig.  132 
spinal    conl,  co()rdinated 
movement    by  electrical 
stimulation  of,  574 
temperature,  rectal,  395 
thyroids,  accetuory,  250 
rat 

arterv  and  vein,  structure, 

110  ;  Fig.  68 
emotional  expression,  center 

in  medulla,  564,  565 
intestine,    small,  reaction, 
337 

villi,  length,  346 
respiration,     estimation  of 
water  and  carbonic  acid 
gas  exhaled,  215 
temperature,  rectal,  395 
seal,  temperature,  rectal,  395 
sheep 

hypophysis  cerebri,  effects  of 

extracts  of,  256 
respiratory  quotient,  219 
temperatuns  rectal,  395 
skunk,  anal  glands,  function, 
434 

tapir,  range  of  motion  of  pro- 
boscis, tM)l 
whale,  tem|>erature,  fectal,  395 
wolf,  analysis  of  ingesta,  2iB0 
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ABDOMINAL  reflex,  555 
Abduction,  60* 
Absorption.  42,  d42 
defined,  342 
of  foodstafis,  353 
former  theories  of,  reviewed,  349 
of  gaseous  material,  42 
of  Hcjuid  substances,  43 
physical  forces  of,  346 
physiology  of,  352 
relation  to  nutrition,  102 
of  solid  bodies,  44 
structures  involved  in,  343* 
Acceleration  of  heart,  184 
Accommodation,  506 
mechanism  of,  506* 
range  of,  509 
Acid,  hydrochloric,  secretion  of,  312 
sarcolactic,  373 
uric,  412 
Acoustics,  466 

physiological,  466 
Action,  reflex,  99 

voluntary,  100 
Activities,  egoistic,  47 
moto-sensory,  47 
phyletic,  47 
AddiJBon's  diseane^  254 
Adduction,  601* 
Afferent  impressions,  544 
After-images,  523 
Air,  complemental,  209* 
re«erve,  209* 
residual,  209*,  210 
tidal,  209* 
Albuminates  273 
derived,  274 
Albuminoid,  371 
Albumins,  272 
Alexandrian  school,  25 
Alimentary  canal,  237 

bacteria  in,  336 
Allantois,  637,  641* 
Altruism,  47 

Amalgamation  of  battery  zinc,  58 
Amnion,  641* 
Amtvbo,  40,  42,  63* 

nhaHes  of  motion,  49* 
AmpnioxuH,  circulation  in,  105 
Amphipvrenin,  38 
Amyloplii8ts,  38 
Amylopsin,  327 
Amyloses,  270 


Anabolism,  359,  382 
Amemia,  150 
Anatomy  of  the  eye,  498 

of  frog's  leg,  72* 
Animal  heat,  394 
mechanics,  606* 
metabolism,  367 
Ankle  clonus,  556 
Anode,  58 

Aorta,  section  of  wall,  109* 
Apnoea,  231 
Aqueous  humor,  498 
Archineurons,  544 
Arteries,  hyi>ogastric,  647 

innervation  of,  186 
Artery,  elastic  tissue  of,  110* 

endothelial  lining  of,  110* 

pulmonary,  194* 

section  of,  109* 
Arthropoda,  heart  of,  106 
Arthropods,  hsmolymph,  105 
Asphyxia,  232 
Astigmatism,  513 
Atmosphere,  composition  of,  212 
Atomic  weight,  relation  to  living  or- 
ganisms, 33 
Auditory  nerve,  572 

oi^ns,  comp.  anatomy,  471* 

invertebrates,  embryology  of,  474 
Auerbach,  plexus  of,  313 
Aves,  heart  of,  107 
Avogadro*s  hypothesis,  348 
Axis  cylinder,  530 

structure  of,  71* 
Axon,  530,  536,  540 
Axodendrites,  539 
Axonic  collaterales,  537 

BACTERIUM  lactis,  337 
Balance  sheet  of  energy,  393 
I  Basedow's  disease,  253 
I  Batteries,  58* 
Belt-8pin)graph,  202* 
Beverageck  282 
Biceps  reflex,  556 
Bile,  246 

action  of,  333 
composition  of,  327 
Bimxnilar  fixation,  515 
Bizzozero,  bliMMl-platelets  of,  138 
Blastula,  41,  42,  622* 
Blindness,  color,  523 
Blind  spot,  location  of,  505 
659 
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Blind,  outline  of,  505 
Blood,  130 

chemical  composition  of,  139 

properties  of,  138 

circulation  of,  154 

coagulation  of,  144 

color  of,  132 

corpuscle  counter  of  Zeiss,  135 
flow,  regulation  of,  188 
velocity  of,  169,  171 
functions  of  parts  of,  142 
gases  of,  219,  224 
morphology  of,  133 
odor  of,  133 

platelets  of  Bizzozero,  138 
pressure,  methods  of  determining, 
166 

quantity  of,  143 
reaction  of,  139 
relation  of  CO2  in,  221 
of  oxygen  in,  220 
respiratory  changes  in,  219 
specific  gravity  of,  132 
supply,  protection  of,  144 
taste  of,  132 
transfusion  of,  148 
variations   of,    physiological  and 

pathological,  150 
vessels,  location  of,  144 
tonus  of,  187 
Blushing,  559 

Body,  chemical  composition,  279 
Bowman's  capsule,  424 
Boyle's  law,  347 
Brain,  arteries  of,  585 

cortex,  arterioles  of,  586 

development  of,  639,  641 

lymphatics  of,  587 

man  s,  observations  on,  595 

movements  of,  588 

vjuscuhir  supply  of,  585 
Bronchus,  section  of,  193* 
'*  Bulbar  paralysis,"  504 
Bulbus  arteriosus,  632 
Burdach,  column  of,  537 


CALCIUM  salts,  146 
Calipers,  200 
Calorimeter,  air,  387 

water,  387 
Calorimctry,  387 
Canal,  alinientan-,  237 
Capacity  of  lungs,  201) 

vital,  209,  210 
Capillaries,  anastomoses  of,  111 
circulation  in,  174,  175 
endothelium  of,  111* 
Capillary  pres>ure,  176* 
Carbamide,  411 

Carbohydratts,  absorption  of,  354 
form  of,  307 
circulation  form  of,  367 
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I  Carbohydrates,  metabolism  of,  367 
Carbon  dioxide,  proportion  of,  in  air.. 

I  213.  215* 

equilibrium,  377 

!       hydrates,  268,  419 

'  Cardiograms,  158* 

i  Cardiograph,  157* 
Cardio-pneumatogram,  207* 
Casein,  335 

Cells,  abreast  in  battery,  59 
body,  530 

form  and  size  of,  40 

metabolism  of,  44 

physiology  of,  31 

reproduction  of,  53 

selective  powers  of,  43,  44 

sources  ot  energy,  46 

structure  of,  35 

tandem  in  battery,  59 
Cellulifugal  messages,  538 
Cellulose  upon  intestinal  digestion,  339" 
Center,  cardio-accelerator,  185 

cardio-inhibitory,  185 

in  cerebellum,  100 

in  cerebrum,  100 
Centers,  in  medulla,  100 

vaso-dilator,  401 

in  spinal  cord,  100 

thermolytic,  400 

thermotactic,  400 

vaso-constrictor,  187,  401 
Centigrade  reduced  to  Fahrenheit,  395 
Central  Nervous  System,  638* 
Centrosome,  38 

in  nerve  cells,  534 
Centrosphere,  534 
Cephalic  flexure,  640 
Cereals,  284 

Cerebellar  disease,  symptoms  of,  579 
vesicles,  626 

Cereljellum,  567,  572,  639 
I       development  of,  570 
physiology'  of,  567 

Cereonil  hemispheres,  640 
'  C<irebrospinal  fluid,  588 

Cerebrum,  585,  590*,  639 

intrtnluctory,  585 
j        localization  of  functions  in,  592. 
I        physiology'  of,  589 

Charles's  law,  347 

Chemistry  of  respiration,  212 
,  Chest-pantogram,  204* 
pantograph,  203* 

C^hlorophyll  grains,  37,  38 

Cliorda  tympani,  295,  296 

Chorion,  ()41* 

Chromatin  reticulum,  38 

Chromophanes,  518 

Chromoplasts, 
,  Chromo-proteids,  273 

Chromosomes,  54*,  55* 
1  Ch nanogram,  77* 
i  Chronograph,  66 
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Chyle,  circulating,  105 
Cilia,  36 

Ciliarj  body,  499* 
Ciliata,  motion  in,  50 
Circulation,  104 

in  arteries,  166 

of  blood,  166 

in  capillaries,  174 

claHsitication  of  fluids  and  tiasues, 
130 

comparative  physiology  of,  104 
of  the  elements,  363 
hbtorical  introduction,  123 
intHxluction,  104 
of  lymph,  181 

organs  of,  innervation,  181* 
outline,  12i) 

physical  introduction,  116 
relation  to  nutrition,  102 
in  veins,  178 

of  typical  compounds,  365 
Circulatory  organs,  coiinlination  of,  188 

system,  development  of,  631* 

reflexes  of,  559 
Circumduction,  603 
Cleavage,  621* 
Cloaca,  636 

Coagulation  of  blood,  144 

factors  of,  147 

hastened  by,  145 

influenced  by  calcium  salts,  146 

phenomena  of,  145* 

retartled  by,  145 
<'ochlea,  473 

section  of,  477 
Cochlear  nerve,  573 
Coelenterates,  circulation  in,  105 

circulatory  organs,  10(5 

neuro-muscle  cell  of,  50* 
Collaterals,  531,  537 
Colonization,  41 
Color  blindness,  523 
Commutator,  Pohl's,  61* 
Conception,  438,  596 
Conductivity,  87 
Conjugate  foci,  490 
Conjunctival  reflex,  555 
Conservation  of  energy,  19,  1^88 
Consonant^*,  the,  616 
Contractility,  47 

Contraction,  eflecl  of  temperature  upon, 
79* 

laws  of,  Pfluger,  90 
*'8tiiir-casi»,*'  85 
summation  of,  78* 
Coordination,  5(>7 

of  activities  of  circulatorv  system, 
188 

by  the  medulla,  567 
Corium,  4!K) 

Corpora  quadrigemina,  580 

irritation  of,  583 
Corpuscles,  coimting  of,  1.%* 


Corpuscles,  functions  of,  143 

red,  decay  of,  152 

form  of,  133 

number  of,  134 

origin  of,  152 

size  of,  134 

white,  137 
Corti,  organ  of,  476,  478* 

pillars  of,  478 
Coughing,  211 
(,^remasteric  reflex,  555 
Crista  acustica,  452*,  476 
Crying  and  laughing,  212 
Current,  ascending,  90 

change  of  course  of,  61 

direction  of,  61 

strength  of,  ()1 

**demarkation,"  84 

descending,  90 

electric,  in  muscle,  85* 

induced,  64* 

of  injury,  84 

methods  of  modifying,  60 

varied,  62 
Cur>'e,  Traube-IIering,  167,  168* 
Cutis  anserina,  600 
Cycle,  cardiac,  163 
Cytology,  31 
Cytolymph,  37 
Cytoplasm,  36 

D ALTON'S  law,  see  Charles's  law 
Daniell,  the  Daniell  cell,  58 
Deciduff,  644* 
Decidua  reflexa,  644* 
serotina,  644* 
vera,  644* 
Defecation,  341,  557 
Degeneration,  retrograde,  543 

Wallerian,  543 
Deglutition,  306,  557 

influence  of  nervous  system  on,  308 
involuntary  part  of,  307 
(ivophagetil,  308 
pharyngeal,  307 
relation  to  nutrition,  102 
I       voluntarv  part  of,  30() 
I  Dendrite,  530,  5,%j,  536 
Dendraxons,  53Ii,  h*M\ 
IX»prea8or  nerve,  187 
Deprez  signal,  (>7* 
Dermal  system,  429 
I       excretion  by,  AM 
glands  of,  434 
morphology  of,  430 
physiology  of,  4.'i5 
protwtion  by,  4:i5 
respiration  by,  437 
Desmid,  40,  42 
IX'rmis,  the,  430 
Development  of  labyrinth,  475* 

of  optic  ner\*e,  497 
Disaccharids,  269 
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Diameter,  dorao-yentral,  tracing  of,  202* 

thoradc,  changes  of,  198,  199 

efiects  of  changes,  205 
Diapedesis,  177* 
Dicrotic  pulse  wave,  173 
Digestion,  293 

anatomical  introduction,  237* 

chemical  introduction,  257 

ocelenterates,  234 

comparative  physiology  of,  233 

ferments,  234 

fluids  of,  324 

fundamental  carbon  compounds,  257 
gastric,  309 

ffastric,  chemistry  of,  316 

factors  which  influence,  318 

influence  of  dilution  on,  320 

of  movements  of  stomach  on,  321 

of  temperature  on,  320 

intestinal,  324 

chemistry  of,  327 

introduction,  233 

relation  to  nutrition,  102 

salivary,  293 

chemistry  of,  300 
factors  influencing,  302 
time  required  for,  303 
Digestive  system,  development  of,  635* 

innervation  of,  243* 
Dioptric  s^tem,  principal  axis  of,  491 

principal  foci  of,  491 

principal  plane  of,  491 

simple,  491* 
Diplopia,  516 

Discharge  of  liauids  through  tubes,  117 
Disease,  cerebellar,  symptoms  of,  579 
Dromograph,  Chauveau  s,  170 
Duct,  thoracic,  section  of,  114* 
Ductus  arteriosus,  647 

venosus,  647 
Dynamic  polarity  of  neuron,  539 
Dyspncva,  231 

EAR,  lever  svstem  of,  481* 
middle,  481 
Px'hinoderms,  circulation  in,  105 
Eflbrent  impulses,  544 
Ejfi'sta,  403 
Egestion,  403 

relation  to  nutrition,  102 
Krrs,  288 
Elbow-jerk,  506 

Electrieity,  measurements  of,  64 
Eleetrcx^t-i,  (H)* 

hrtMh,  60* 

hand,  60 

nonpolarizable,  60* 
Electrometer,  eapillary,  tU* 
Elet^trotonus,  88 

apparatus  for  demonstrating,  89 

application  of  laws  of,  92,  9Ii 

laws  of.  Sl» 
Element.^  08* 
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Elements,  sarcous,  69* 
Embryo,  the,  621,  624,  630 

physiology  of,  645 
Embryology,  human  ear,  474* 

auditory  organ  in  vertebrates,  474 

human  eye,  494* 
I  Embryonic  connective  tissue,  628 
Emesis,  558 
Emotions,  597 
Emulsification,  332 
Endocranial  fluids,  587 
End-organs,  5^1 
Energy,  balance  sheet  of,  393 

cells,  manifestation  of,  47 

sources  of,  46 

chemical,  46 

conservation  of,  19,  388,  393 
defined,  18 
forms  of,  46 
heat  and  light,  46 
incoo^e  of,  387 
kinetic,  of  an  organism,  393 
liberation  of,  392,  394 
manifested  by  living  organisms,  21 
potential  of  an  oi^nism,  392 
transformation  of,  18,  392 
vital  theory  of,  27 
Enrymes,  274,  276 
amylolytic,  277 

condition  ^voring  activity,  278 

effect  of  temperature  on,  302 

fat-splitting,  277 

inverting,  277 

pancreatic  juice,  326 

proteolytic,  277 
Epidermis,  the,  433 
Epiglottis,  610 
Equilibration,  575 
Equilibrium,  451,  567 

carbon,  377 

disturbance  of,  571 

maintenance  of,  478,  575,  et  seq. 

nitro^n,  376 

physiologiciil  test  of,  363 

tactile  impressions  in,  576 

visual  impresaityns  on,  577 
Erector  pili  muscles,  600 
Erectile  reflex  of  the  penis,  555 
Eudorina,  41*,  42 
Excreta,  403 
Excretion,  42,  403-404 

cutant»ou8,  425,  427 

definitions,  403 

dermal  system,  436 

epithelium  of  convoluted  tubule,  424 

the  f<etU8,  648 

glandular,  424 

glomerular,  423 

intt^stinal,  428 

introduction,  403 

pliysiolo^  of,  409 

pulmonary,  425 

relation  to  nutrition,  102 
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Excretion,  renal,  409 
orinaiy,  425 

urinary,  in  amphibians,  423 
Expression,  emotional,  574 
External  ear,  development  of,  474 
Extension,  601* 

Eje,  anatomj  and  histology  of,  498* 
haman,  embryology  oi,  494* 
lens  of,  498 
normal,  503 
optical  instrument,  501 

F^ES,  340 
Fahrenheit  reduced  to  Centigrade, 

395 

Falx  cerebri,  G40 
Fatigue,  85,  86*  442 
Fats,  270,  286,  380 

absorption  of,  356 

form  of,  380 

circulation  form  of,  380 

deposit,  381 

metabolism  of,  381 
Ferments,  274,  275 

conditions  favoring  activity,  278 

fibrin,  146 

digestion  by  secreted,  234 
Fermentation,  275 
Fertilization,  618,  620* 

external,  620 

internal,  620 
Fibrin-ferment,  146 
Fibrinogen,  146 
Fibrinoplastin,  146 
Fick,  experiment  of,  379 
Filtration,  346,  449 
Flexion,  601* 

Flow  of  liquids  through  tubes,  116 

Focus,  principal,  489 

Fcetal  circuhition,  647 
membranes,  641* 

Fcetus,  630 

circulation  of,  647 
circulatory  system  of,  631* 
development  of  lungs  in,  633* 
digestive  svstem  of,  635* 
heart  of,  631* 

moto-Hcnsory  activity  of,  648 

nutrition  of,'  645 

physiology  of,  645 

respiration  in,  647 

respiratory  syHtcm  of,  633 
Follicles,  lymphatic.  111,  113* 
Foods,  279,  281 

animal,  in  which  proteids  predomi- 
nate, 287 

common,  potential  energy  of,  389 

inorganic,  281 

mastication  of,  302,  319 

Clonic,  283 

preparation  of,  290,  302,  318 
stufls,  279 
absorption  of,  353 


Foods,  action  of  bacteria  upon,  338 

classification  of,  281 

definition,  279 

interrektions  of,  382* 

isodynamic  equivalents  of,  391 

potential  energy  of,  388 

vegetable,  283 
Foramen  ovale,  647 
Fore-brain  vesicle,  626 
Fovea  centralis,  504,  518 
Franklin' s  theory  of  visual  sensations,  522 
Fruits,  286 

Frog's  leg,  anatomy  of,  72* 
Fucus  nodosus,  44 

serratus,  44 

vesiculosus,  44 
Functions  of  cerebrum,  596 
Fundamental  tone,  480 

GASES,  absorption  of,  195,  196 
blood,  219 

solution  of,  in  liquids,  194 
tension  of,  223 
Gastric  juice,  chemical  composition  of, 
315 

nervous  system  on  secretion  of,  313 

secretion  of,  309 

movements,  557 
Gastrula,  41,  42,  622* 
Generation,  spontaneous,  27 
Genital  corpuscles,  444 

duct,  636 

gUind,  637 
Germ  layers,  development  of,  621 
Germinal  dot,  619* 

vesicle,  619 
Gknds.,  247*  248* 

cardiac  of  stomach,  320* 

excretory,  see  cutaneous  excretion, 
435 

lymphatic,  111;  112* 

protective  of  dermal  system,  434 

pyloric  of  stomach,  311 

salivary,  235,  293* 

sebaceous,  434,  436 

secretory,  435 

thvroid,  250* 
Globulins,  272 
(rlomeruH,  407* 
(Tlottis,  612,  613 
Gluteal  reflex,  555 
Glycocoll,  373 
Glycogen,  368,  646 
Gly(H)8es  268 
GoU,  column  of,  537 
Granulas,*clementaFy,  of  blood  138 
Grassman's  law,  522 
Gustatory  organs,  the  structure  of,  461* 

H HEMACYTOMETER,  Gower's,  134 
Hwmadromometer,  Volkmann's, 
169* 

Ha*maglobinometer,  Gower's,  141*,  142 
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Hsematinometer,  142 
Hoematocrit,  131* 
Haemerythrin,  105 
Hsemocyanin,  lOo 

Ilseraoglobin,  colorimetric  method 
determining,  142 

in  solution  in  hsemolymph,  105 

spectroscopic  determination,  141 
Hffimolymph,  105 
Hsemomcter,  Fleii^chrs,  142* 
Hearing,  466 

introduction  to,  466 

physiology  of,  479 
Heart,  acceleration  of,  189 

action  of,  154 

cardiac  cycle,  162,  163 

centers  in  medulla,  185 

changes  of  form  of,  155 

of  potution  of,  155,  156* 

development  of,  633* 

inhibition  of,  184 

innervation  of,  182* 

mechanical  stimulation  of,  186 

musculature,  107 

recoil  of,  157 

regulation  of,  183 

section  of,  1C8* 

sounds  of,  165 

stimulation  of,  mechanical,  186 
striated  involuntary  muscle,  600 
time  of  cardiac  cycle,  164 
values  of,  108* 
work  done  by,  164 
Heat,  animal,  394 
centers,  400 

mei^hanical  equivalent  of,  19 

regulation,  399 
Heidenhain,  theory  of,  299 
Helmholtz's    theory  of  reception 

sound,  483 
Hemorrhage,  cHect  of,  148 
Hepatic  cvlinders,  635 
Heredity,'  629 

Hering's  theory  of  visual  sensations,  522 
Hit'cougliing,  212 
Hind-brain  ves'.clc,  62() 
Hippurie  acid,  414 

Ilisto^^cnesis  of  circuhitory  organs,  115 
History  of  pliysiology,  24 
Honioiotlierrns,  3U 1 

Human  ear,  special  c'inl>ryology  (jf,  474* 
Hunger,  442 
Hydra,  41*.  42 
Hydni'mia,  150 
Ilydrolyniph,  105 

Hyponnetropia,  512  ' 
Hyperpmi  a,  231 

TNCIDKNCK,  angle  of,  ISS 
1    Inciinic  of  cntTiry.  :»62.  3S7 
Individuals  ilassilicd,  12 

(U'liiu'd,  40 

real,  n,  12 


;  Individuals  virtual,  41,  42 
Individualism,  47 

I  Individualization  of  living  substance,  40 
;  Indol,  339,  418 
i  Induction  currents,  64 
Inductorium,  63* 
Inferior  maxillary  reflex,  556 
1  Inhibition  of  heart,  184 
;  Interbrain,  584,  639* 
I  Interrupter,  Neefs,  63* 
Intestinal  digestion,  factors  which  in- 
I  fluence,  336 

influence  of  bacteria  upon,  336 
I  of  cellulose  upon,  339 

I  Intestine,  large,  243 

absorption  from,  353 
I  bacteria  of,  337 

Intestine,  small,  242* 

absorption  from,  352 
bacteria  of,  337 
Intestines,  movements  of,  340 
Intima,  influence  of,  in  coagulation,  144 
Intralobular  veim*,  407 
Introduction,  general,  17 
Invertin,  334 
Iris,  function  of,  509 
I  Irritabilitv,  51,  88 
!  Island  of  keil,  595 

I  Isodynamic  equivalents  of  foodstuflii,  391 

K'  ARYOKINKSIS,  54* 
anaphases  of,  55* 
metaphase  of,  55* 
phases  of,  54* 
telophases  of,  56 
I  Karyolymph,  38 
Karvosomes,  38 
Katabolism,  359,  384 
of ,  Katabolites,  carbohvdrate,  excretion  of, 
370 
Kathode,  58 

Key,  the  Du  Bois-Keymond,  59*,  60* 
Kidney,  the  anatomy  of,  405 
blood-sup})ly  of,  406* 
innervation  of,  408 
primitive,  629 
Knei'-jerk,  55(5 
Krause's  membrane,  69 
Kreatin,  369,  373 
Kreatinin,  374,  412 
Kymograph,  ()(>* 

[  ABYKINTII,  development  of,  47o» 
I J    Lactation,  649* 
Lactose,  335 
Laminaria  digitata,  44 
Laryngeal  reflex,  555 
Larynx,  acoustics  of,  613 
anatomy  of,  (UO 
cartilages  of,  610 
innervation  of,  61 1 
levers  of,  613 
mechanics  of,  (U 1 
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Larynx,  muscles  of,  610* 
Laughing  and  crying,  212 
Law,  Grassman,  522 

Torricelli's,  117 
Laws  of  stimulation,  52 
Lecithin,  646 
Lee's  hypothesis,  453 
Lens,  4«9.  507 

concave,  489 

convex,  489 

of  the  eye,  498 
Leucocytes,  40,  42,  137 

destruction  of,  153 

eosinophile  (PI.  II.),  138 

in  diapedesis,  177* 

formation  of,  153 
Iveucocythremia,  151 
LeucocytosLs,  150 
Leukaemia,  151 
Leucin,  373 

Liberation  of  energy,  392 
Life,  defined,  21 

phenomena  of,  42 
Ligament,  suspensory  of  the  eye,  499 
Light,  486 

relation  of,  to  plant  assimilation, 
47* 

Linin  reticulum,  38 

Liquids,  flow  of,  through  tubes,  116 

Liver,  the^  2:»,  635 

secretions,  external  and  internal, 
246 

Living  organisms,  relation  of  atomic 
weight  to,  33 

substance,  individualization  of,  40 
Localization,  the  power  of,  448 
Locomotion,  609 
Longitudinal  fissure  of  brain,  640 
Lungs  in  foetus,  633 

section  of,  193* 

vesicles,  635* 
Lymph,  151 

chemical  properties  of,  151 

circulation  of,  181 

cwtems  of  brain,  587 

follicles  and  glands,  111 

physical  pro|>erties  of,  151 

radicles,  113* 
Lymphatic,  perivascular,  114* 

system.  111 

MACULA  acustica  utriculi,  476 
lutea,  518 
Malpighi,  27 
Mammals,  heart  of,  107 
Mammary  reflex,  555 
Manometer,  mercury,  119* 
Mastication,  .'^04 

muscles  of,  240,  3a') 
nerves  of,  305 
process  of,  30<) 
relation  to  nutrition,  102 
skeletal  structures  of,  305 


Maternity,  the  physiology  of,  649 
Matter,  imponderable,  defined,  18 

of  living  organisms,  20 

pondenible,  defined,  17 
Maturation,  618,  619* 
Mean  temperature,  the  determination  of, 

395 
Meats,  289 

Meatus  extemus,  479 
Mechanics,  animal,  6(K5* 
Medulla,  conduction  by,  562 

coordinating  center,  567 

independent  center,  563 

oblongata,  639* 

phvsiolog>'  of,  562 
Medullary  folds,  626 

vesicles,  62() 
Meissner's  coqMiscles,  537 

plexus  of,  313 

tactile  corjMiscles  of,  446 
Membrani  tvmpani,  479* 
Memory,  589,  59<> 

Menu,  typical,  energy  represented  by, 
390' 

Mercury  manometer,  1 19* 
Mesenchyme,  627 
axial,  628 

time  of  formation,  627 
Mesonephros,  637* 

Metabolic  changes,  the  character  of,  366 

tissues  and  organs,  359* 
Metabolism,  358 

animal,  367 

carbohydrates,  367 

cell,  44 

chemical  phases,  45 

defined,  44 

classified,  359 

fats,  381 

fretus,  648 

introduction,  359 

physical  phases,  46 

proteids,  371 

relation  to  nutrition,  102 
Metencephalon,  567*,  580*  639* 
Methane,  257 

Method,  graphic,  of  recording,  65 
Microsomes,  37 
Micturition,  425,  558 
Mid-brain  vesicle,  626 
Middle  ear,  481 

development  of,  474 
Milk,  288*,  649 

chemical  composition  of  human,  650 

cunlling  enzymes,  333 

digestion  of,' '^5 

gasi-s  in,  (>50 

therai>eutic  ust»s  of,  288 
Monaxons,  536 
Mollus<^i,  heart  of,  KWi 
Molluscs,  circulation  in,  105 

hn*molymph  in,  105 
Monkey,  brain  of,  594* 


666 


GENERAL  INDEX. 


Monkey,  experiments  on,  594 
Monocular  nxation,  513 
Monoeaccharids,  268 
Morphology  of  living  sabBtance,  34 
Morula,  41,  42 
Motion,  amoeboid,  48 

ciliary,  49* 

and  contractility,  47 

flagellate  of  spermatozoa,  49* 

muscular,  50 

through  cell  turgor,  48 

contractility,  48 

growth,  48 

secretion,  48 

specific  gravity,  48 

swelling  cell  walls,  48 

without  contractility,  48 
Motor  impulses,  the  course  of,  547 
Moto-sensory  activities  of  life,  47 
Mouth,  absorption  from,  352 

bacteria  of,  336 

glands  of,  240 
Movements,  cranium,  603 

forearm,  604 

hand,  604 

leg  and  foot,  605 

tlugh,'605 

upper  arm,  604 

voluntary,  589 
Mullerian  duct,  636* 
Muscle-bone  organs,  601 

special  features  of,  603 

change  in  form,  76 

in  length,  76 

in  response  to  stimuli,  76 

in  transverse  dimensions,  80 

chemical  changes  in,  81 

contraction  of,  608 

current,  diagram  of,  85* 

curve,  efl'ect  of  drugs  upon,  79* 
of  load  upon,  79 
of  temperature  upon,  79* 

electrical  cnan^es  in,  83 

insect's  wing,  (>8* 

involuntary,  COO 

nerve  preparation,  71,  72* 

nerve  physiology,  74 

plates  in,  69*. 

of  respinition,  199 

section  of,  67* 

skeletal,  001 

structure  of,  67 

thermal  changes  in,  82 

tissue,  51* 

volunUirv,  68*,  601 
Muscular  action,  adjustment  of,  567 

spetnal,  610 

sense,  453 

system,  508 

j)iiysiology  of,  598 

tissue,  51)8 

change*  in  during  activity,  599 
Musical  scale,  470* 


Myelencephalon,  562,  639* 

Myogram,  77* 

double  stimulus,  78* 
eflbct  of  veratrin  upon,  79* 

Myograph,  simple,  73* 
spring,  65* 

Myopia,  512 


NASAL  reflex,  555 
"  Near-eightednesB,"  512 
Nerve,  auditoir,  572 
centers  in  brain,  100 
in  cerebellum,  100 
in  cerebrum,  100 
cochlear,  573 
depressor,  187 
endings  in  tendon,  70* 
fiber,  function  of,  540 
f^losso-phaiyngeal,  462 
inferior  larvngeal,  611 
optic,  development  of,  497  ■ 
pnrenic,  565 
pressor,  187 
superior  laryngeal,  611 
structure  of,  70* 
trigeminus,  462 
trunks,  properties  of,  87 
vagus,  566 
vaso-constrictor,  186 
vaao-dilator,  186 
vaso-motor,  186 
of  Willis,  573 
Nervous  system,  beginning  of,  625** 
general  functions  of,  94,  99 
conduction,  540 
definition  of,  529 
interrelations  of,  531 
mutilation  of,  543 
physiologjr  of,  528,  538 
scheme  oi,  95* 
stnicture  of,  528 
tvpes  of,  530 
Neural  tube,  626*,  638 
Neurentic  canal,  627 
Neuroblasts,  530 

Neuro-muscle  cell  of  coelenterate,  50* 
Neuron,  94,  528,  542,  543 

changes  during  activity,  540 
Neuronal  cell-body,  533 
Neuronic  development,  postnatal,  543 
Nitrogen  equilibrium,  376 

laws  of,  378 
Noise,  467 
Nuchal  flexure,  640 
Nudein,  646 
Nucleolus,  38 
Nucleoplasm,  36,  38 
Nuclef)-proteids,  273 
Nucleus,  38 
Nutrition,  101 

activities  of,  102 

of  the  cell,  42 
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ODOPHONE,  461 
(Esophagus,  241 
Oils,  287 

OVbicXorj  organs,  stroctare  of,  458* 

region,  nenre  fibers  of,  459,  460 
Ol^semia  sicca,  150 
Optic  disc,  505 

nerve,  development  of,  497 

vesicle*,  626,  639* 
Optical  axis,  489 

center,  489 
Optics,  physiological,  486 
Optognun,  518 

Organ,  of  Corti,  439,  476,  478* 

histogenesis  of  circulatoiy,  115 
Organic  reflexes,  556 
Organism,  a  living,  defined,  21 
Osmosis,  346 

Osmotic  pressure,  laws  of,  347 
Otocyst,  475 
Ovum,  40,  42,  618* 
Oxygen,  discovery  of,  28 

proportion  of,  in  air,  213 

PACINIAN  body,  the,  445 
Pain,  442 
Palmar  reflex,  555 
Pancreas,  636 

Pancreatic  juice,  action  of,  327 

alkaline  salts  of,  326 

composition  of,  325 

enzymes  of,  326 

secretion  of,  324 
Paramoecium,  40,  42 
Pto  ciliaris  retinee,  496 
Parturition,  558,  649 
Patellar  clonus,  556 

reflex,  556 
Pepsin,  secretion  of,  311 
Peptone,  273 
Perception,  438,  596 
Perimetry,  519 

Perilymph  of  scala  vestibuli,  483 
Period,  latent,  in  muscle  response,  77* 
Perspiration,  427 

factors  causing  variation,  427 

insensible,  427 

sensible,  427 
Peristalsis,  340 

vermicular,  340 
Pfl tiger's  law  of  contraction,  90,  91* 
Phakoflcope,  508 
Pharyngeal  reflex,  555 
Pharynx,  240 
Phonation,  615 
Phrenic  nerve,  565 
Physical  theorj'  of  absorption,  349 
Physiological  acoustics,  46<$ 

optics,  486 

test  of  equilibrium,  363 
Physiology,  animal,  defined,  17 
of  the  cell,  31 
of  cerebellum,  567 


Physiology  of  the  cerebrum,  585,  589 
comparative,  defined,  17 
of  contractile  and  irritable  tissues, 
57,  58 

of  corpora  quadrigemina,  580 
development  of,  24 
of  embryo  and  foetus,  645 
general,  30 

defined,  17 
history  of,  24 
human,  defined,  17 
of  maternity,  649 
of  medulla  oblongata,  562 
of  muscle  and  nerve,  74 
of  muscular  system,  598 
plant,  defined,  17 
problems  of,  22 

relation  to  other  natural  sciences,  23 

of  respiration,  197 
comparative,  190 

special,  101 

defined,  17 

of  spinal  cord,  544 

of  tnalamencephalon,  584 

of  vision,  500 
Piezometer,  120* 
Pigments,  respiratory,  105 
Pinna,  479 
Pitch,  range  of,  484 
Placenta,  644* 
Plasma,  function  of,  142 
Plasmosome,  38 
Plethora,  150 

Plethysmogram,  179*  180* 
Plethysmograph,  179* 
Pneuma  theory,  25,  124 
Pohl's  commutator,  61  • 
Poikilotherms,  394 
Point  of  fixation,  504 
Polyaxon,  537 
Polysaccharids,  270 
Pontal  flexure,  640 
Posture  sense,  450 
Preformation  theory,  27 
Pregnancy,  649 
Pressor  nerve,  187 

Pressure,  arterial,  relation  of,  to  intra- 
ventricular, 167 
blood,  methods  of  determining,  166, 
168 

regulation  of,  188 
capillary,  176* 
intermittent,  121 
intra-abdominal,  206*,  208 
intra-aortic,  167* 
intra-auricular,  160* 
intra-cardiac,  160* 
intra-thoracic,  205,  206*,  207* 
intra-ventricular,  156,  157 

curve  of,  161* 
lateral,  120* 

of  liquids,  measurement  of,  118 
in  tubes,  118 
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Pressure,  respiratory,  207 

slope,  120 

venous,  178 
Primitive  segments, development  of,  < 
Principal  focus,  489 
Prism,  488* 
Processus  vocalis,  610 
Pronation,  603 
Pronephros,  629 
Prosencephalon,  585,  639 
Proteids,  271,  370 

absorption  of,  355 

absorption  form  of,  370 

circulation  form  of,  371 

claiffiification  of,  272 

metabolism  of,  371* 

nutritive  value  of,  376 
Proteoses,  273 
Pro-thrombin,  147 
Protococcus,  40,  42 
Protoplasm,  31 

chemical  properties  of,  32 

properties  of,  31 

structure  of,  34 
Protozoa,  motion  in,  50 
Psychic  phenomena,  560 
Pulse,  172,  173,  174 
Punctum  proximum,  509 

remotum,  509,  511 
Pupil,  the,  508 
Pupillary  reflex,  558 
Pyloric  reflex,  557 
Pyramidal  cells,  535 
Pyrenin,  38 

QUOTIENT,  the  respiratory,  218 

REASON,  589,  59() 
Recollection,  596 
lierord  of  time,  ()() 
Recording  of  results,  65 
Reflex,  abdominal,  555 
action,  99,  549 
character  of,  551 
time  required  for,  553 
biceps,  556 

centers,  locations  of,  560 
spinal  cord  Jis  a,  549 
conjunctival,  555 
creinusteric,  555 
erectile,  ot"  penis,  555 
gluteal,  555 
interior  maxillary,  556 
larvngi'ul,  555 
nasal,  555 
l>alniar,  555 
patellar,  55() 
pharyngeal,  555 
j)Upillary,  558 
pyloric,  557 
spa>nis,  551 
tendo-achillis,  555 


Keflex,  triceps,  556 
deep,  555 

alimentary  tract,  557 

inhibition  of,  553 

superflcial,  555 
Reflexes,  the,  555 
Refraction,  487* 

angle  of,  488 

laws  of,  the  mammalian  eye,  601 
Refractive  apparatus  of  the  eye,  512 
Regio  olfactoria,  458 

respiratoria,  459 
Regurgitation,  duodenal,  558 
Remakes  flbcrs,  541 
Rennin,  335 

secretion  of,  312 
Reproduction,  52,  617 

amitotic,  54 

direct,  54 

mitotic,  54 
Reptilia,  heart  of,  107 
Reservoir,  117* 

with  piezometers,  120* 
Resistance  to  current,  61 
Respiration,   anatomical  introduction, 
191 

apparatus  of  Voit,  216*  217* 
in  the  cell,  226 

changes  in  air  breathed,  212,213,214 

chemistry  of,  212 

Cheyne-Stokes,  211* 

comparative  physiology  of,  190 

control  of,  227 

cutaneous,  190 

defined  and  classified^  189 

direct  reflex  stimulation  of,  230 

external,  212 

forced,  muscles  of,  199 

by  gills,  191 

indirect  reflex  stimulation  of,  230 
internal  or  tissue,  224,  225* 
introduction,  189 
by  lungs,  191 

mechanical  and  physical  features,  197 

muscles  of,  199 

nasal  passages,  191 

physical  introduction,  194 

l>hvsiology  of,  197 

quiet,  muscles  of,  199 

relation  to  nutrition,  102 

structural  features,  197 

types  of,  210* 

voluntiiry  influence  on,  231 
Respinitorv  center,  action  of,  229 

organs,  innervation  of,  227 

system,  development  of,  633 

tract,  reflexes  of,  559 
Retina,  499 

irritabilitv  of,  517 

layers  of,*499 

pigments  of,  518 

propria,  49(> 

structure  of,  517 
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Betinal  ima^i^,  size  of,  505 

stimulation,  516 
Rheocord,  I>u  Bob  Reymond's,  62* 

simple,  62* 
Rhodopsin,  518 
Rigor  caloris,  87 

mortis,  86 
Rods  and  cones,  499,  500 
Roots,  285 
Rotation,  602 
Rugfe  of  stomach,  242 

SALIVA,  293 
composition  of,  299 
secretion  of,  293 
Salts  in  nutrition,  282 
absorption  of,  353 
Saponification,  333 
Sarcolemma,  67 
Sarcomere,  69* 
Sarcoplasm,  68 
Sarcous  element,  69* 
Scala  vestibuli,  483 
Secretion,  244 
defined,  246 
internal,  247,  249 
salivary,  cerebral  nerves  in,  298 
sympathetic  nerves  in,  298 
secretory  fibers  in,  298 
Segmentation,  618,  621* 
Selection,  power  of  living  cell,  43,  44 
relation  to  nutrition,  102 
theory  of  absorption,  350 
Serum,  artificial,  recipe  for,  149 

transfusion  of,  149 
Semicircular  canals,  473*.  573 
Seminal  emissions,  558 
Sensation,  a,  438 
coascious,  589 
jfeneral,  438,  441 
introduction,  438 
objective,  441,  443 
physiology  of,  441 
of  posture,  450 
visual,  516 
Sense-cell,  "sinneszelle,"  538 
of  smell,  458 

of  smell,  physiology  of,  459 
of  taste,  463* 
Sensibility,  51 

Sensory  impulses,  the  course  of,  645* 
Sexual  differentiation,  G'iS 

sensation,  i-Vi 
Shivering,  397,  443 
Sighing,  212 
Skatol,  339,  419 
Skin,  the,  421) 

nerves  of,  435 
Smell,  physiology  of  the  sense  of,  459 

sense  of,  458 
Sneezing,  212 
Sobbing,  212 

Solution  of  gases  in  liquids,  194 


Song,  616 
Sound,  466 

intensity  of,  468 

of  heart,  165 

musical,  467 

perception  of,  484 

pitch  of,  468 

production  of,  467 

properties  of,  468 

propagation  of,  467 
of  in  gases,  467 
of  in  liquids,  467 
of  in  solids,  467 

quality  of,  471 

range  of  intensity  of,  485 

reception  of,  483 

reflection  and  refraction  of,  468 

sensation  of,  484 

theories  of  reception  of,  484 

transmission  of,  479 

velocity  of  i)ro|mgation,  467 
Special  senses,  the,  457 
Specialization  of  function,  41 
Specific  heat,  387 

Spectroscope,  to  determine  hsemoglobin, 
141 

Spectrophotometer,  to  determine  lib., 
141 

Spectrum,  effect  of  blood  gases  upon. 

224* 
I  Speech.  615 
Spermatozoa,  618* 
Sphygmogniphs,  172 
Sphygmograms,  173* 
Spinal  cord  as  a  conductor  of  nervou» 

impulses  544 

course  of  fibers  in,  98* 

features  of,  96 

physiology  of,  544 

as  a  reflex  center,  549 

section  of,  97* 

trophic  function  of,  561 
Spirometer,  208* 
Spleen,  functions  of,  153 

oncometer  curve  of,  153*,  154 
I       minute  structure  of,  114* 

section  of,  114* 
Stapes,  movements  of,  483* 
Static  equilibrium,  453 
Steapsin,  331 
Stentor,  40,  42,  50*,  53 
Stethogram,  200,*  206* 
Stethograph,  200* 
Stimulation,  laws  of,  52 
I       retinal,  516 
I  Stimuli,  74,  76 
'       a(*tion  of,  52 

classifled,  52 
j       relation  of  ner>'e  to,  87 
Stimulus,  break,  anodic,  75 

make,  kathodic,  75 
Stomach,  241* 

absorption  from,  352 
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Stomach,  bacteria  of,  337 
coats  of,  242 

contents,  reaction  of,  319 

movementB  of,  321* 
Stmcture  of  cell,  35 
Stromnhr.  Ludwigfs,  170* 
Submazillarj  gland,  vaso-motor  nerves 

of,  186 
Snocos  entericus,  334 

composition  of,  326 
Sacking,  557 
Sacroses,  269 
Sofibcation,  442 
Sagan,  283  , 
Suprarenal  capsules,  254* 
Supination,  603 

Su^nsory  ligament  of  the  eye,  499 
Sweat,  426 

center,  401 

chemical  composition  of,  427 
inorganic  constituents  of,  427 
organic  constituentn,  427 
quantity  of,  426 
reaction  of,  426 
specific  gravity  of,  426 
System,  vascular,  107 
vaso-constrictor,  187 
vaso-dilator,  188 

TACTILE  corpuscles,  444 
sense,  the,  447 
senHibility,  449,  450 
Tambour,  of  Ktethograph,  200* 
Taste,  acuteness  of,  463 
bud,  461* 

localization  of  the  sense  of,  465 

physiology  of  sense  of,  463 

sense  of,  4(>1 
Teeth,  237,  240* 

evolution  of,  2:V),  236* 
Teleneurons,  TA\ 
Telephone  theory  of  Waller,  484 
Temperature,  factors  wliich  vary,  396 

rawin,  the  determination  of,  305 

regulation  of,  188,  31)9 

Kenpic,  the,  4.")')* 

topogniphy,  399 
Tendo-acliillis  retlex,  oo') 
Tendon,  nerve-endinfjfs  in,  70* 
Tension  of  prases,  223 
Thalaniencephalon,  o84,  039* 

phvsiologv  of,  •")84 
Thallophytes,*4I,  42 
Thernio-electrie  couples,  83* 
TluTHiolysis,  42"),  130 
Thennolytic  centers,  4(M) 
Thennotaetic  ('enters,  400 
Therniotaxis,  31)9 
Thirst,  442 
Thoracometer,  201  * 

tnicin^,  201* 
Thrombin  (lihrin  lennent^.  147 
Tickling,  143 
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Tissue,  adenoid,  113* 
Tongue,  240,  241* 
Tonus  of  blood  vessels,  187 
Torricelli's  law,  117 
Touch,  the  sense  of,  447 
Trachea  and  bronchi,  192* 
Tract,  segments  of  digestive,  239 
Transformation  of  energy,  18 
Transfusion  of  blood,  148 
indications  for,  149 
Triceps  reflex,  556 

Trophic  function  of  the  spinal  cord,  561 
Trypsin,  328 
Tubers,  285 
Tubes,  elastic,  122 
inelastic,  122 
Tubo-tympanal  pouch,  475 
Tunicates,  circulation  in,  105 
Tuning  fork,  66* 
Tympanum,  481 
Types  of  respiration,  210* 

UMBILICAL  cord,  641* 
Urea,  375,  411 
Ureter,  637* 
Uric  acid,  412 

amount  of,  414 
Urinary  bladder,  637* 
constituents,  410 
excretion,  423 

system,  early  development  of,  629 
histogenesis  of,  630 
origin  of,  628 
Urine,  409 

carbohydrates  of,  419 

chemical  composition  of,  410 

color  of,  410 

egestion  of,  425 

fatty  acids  of,  420 

inorganic  constituentB  of,  421 

orgiinic  compounds  of,  411,  420 

pathological,  421 

pigments  of,  420 

quantity  of,  409 
I        reaction  of,  409 
I        sp.  gr.  of,  409 
Uriniferous  tubules,  407* 
Uro-geniUil  cord,  036 

ridge,  637 

system,  030 
j  stages  of  development  of,  636* 

\rA(U'S,  inhibitorv  nerve  of  heart, 
184,  r,oo 
Valvi*s  of  heart,  108* 
I  Valvnlte  eonniventes,  343 
'  Vjuso-eonstrictor  center,  401 
Vaso-dilator  centers,  401 

system,  188 
Vaso-constrictor  nerves,  186,  187 
-dilator  nerves,  186 
-motor  nerves,  180 
Vegetables,  green,  285 
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Vein,  section  of,  109* 

drcnladon  in,  178 

intimlobolar,  407 
Vdocitv.  117 

of  blood  flow,  169 
YenneB,  hemolprmph  in,  105 

musculAT  ti86Qe  in,  51 
Vertebrata,  amphibia,  heart  of,  107 
Vestibule,  473* 
Villi  during  peristalsis,  346* 
Vision,  486 

acutenesB  of,  524 

comparative  physiology  of,  493 

ddinitions,  486 

direct,  518 

indirect,  518 

influence  of  age  upon,  512 
line  of,  504 
physiology  of,  500 
Visual  angle,  503* 
estimates,  525 
mechanics,  513 
optics,  501 

perceptions  and  judgments,  524 

refraction,  501 

sensation,  516,  520 
Vitelline,  646 

membrane,  618 
Vitreous  humor,  498 
Vocal  cordH,  612,  613 
Voice,  615 
Volition,  597 
Vomiting,  323,  569 

drugs  which  produce,  324 

influence  of  ner>'ous  nystem  on,  324 


Vomiting,  mechanism  of,  323 
VorticelU,  40,  42,  60» 
Vowels,  the,  616 

WALLERIAN  degeneration,  643 
Water,  281 
absorption  of,  353 
proportion  of  in  respired  air,  214, 
215* 

"  Wave  theory  of  growth,"  363 
Weber's  law,  448 

law  of  sensation,  521 
Will,  the,  597 
Willis,  nerve  of,  573 
Wolflian  body,  6:^6* 

duct,  636*  637 
Work  done  by  contracting  muscle,  80 

modified  by  dimensions  of  muscle, 
81 

modified  by  load,  81 
modified  by  strength  of  stimulus,  80 
modified  by  time  between  stimuli, 
81 

^ANTHIN  bodies  in  urine,  414 

YAWNING,  212 
Yeast-cell,  40 
Yoke,  619 

Young-IIelmholtz  theory  of  visual  sen- 
sations, 522 
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